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TABLE 2-1
LOCATION AND CURRENT USE OF BAAP PRODUCTION WELLS

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

WELL LOCATION USE

PW-1 Approximately 600 feet southeast of Potable water supply at BAAP; tested quarter!'y'
administration building 200. per WDNR regulations; screened in bedrock.

PW-2 Approximately 100 feet north of New Acid Area. Process water source for BAAP; no current
testing; screened in bedrock.

PW-3 Approximately 1,000 feet north of Old Acid Area. Currently out of service; used for water levels by
USGS; screened in bedrock.

PW-4 Approximately 1,200 feet northwest of the Backup to PW-2 for process water: screened in
Deterrent Burning Ground and approximately sand and gravel.
1,600 feet southeast of the Oleum Pond.

PW-5 Approximately 4C0 feet west of the Propellant Not currently used, but still functional; screened
Burning Ground. in bedrock.

WV0039213.T2/1
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TABLE 2-5
TCLP METAL3 DATA SUMMARY FOR SUUSURFACE SOIL -

BACKGON BoMINGS

RmEMEAL INvESTiGATioN
BADGER ARmy AmMJmulioii PLANT

TCL ILEACHATE CONCE TRA HO (jig/8)

SASULE LOCATION DEPTH CD CR PB HIM NOTES

TCLP RI' 1,000 5,000 5.000 200

Minimumn Reporting Value 6.8 16.8 43.4 0.1

BGM-91-01 22 IT LT IT 0.1 TCIP RL not exceeded

BGM-91 -01 42 LT IT IT LT TCLP RL not exceeded

BGM-91 -01 62 IT LT LT LT TCLP RL not exceeded

BGM-91 -02 22 IT IT IT IT TCIP RI not exceeded

BGM-91 -02 42 IT IT IT IT TCLP RL not exceeded

BGM-91 -02 62 IT IT IT IT TCIP RI not exceeded

0 BGM-91 -03 22 IT LT IT LT TCLP RL not exceeded

BGM-91 -03 42 LT LT IT IT TCIP RI not exceeded

BGM-91 -03 62 LT IT IT IT TCLP RI not exceeded

MNO:e

TCLP Regulatory Level (RLs) exist for the following metas: AS, SA& CD, CR. SE. PB, H-G, and AG. However, samples were only analyzed for
CD, CR, P13, and H-G. (See List of UISATHAMA Chemical Codes for definitions of chemical abbreviations).

3 LT - Less than the Certified Reporting Limit; corrected for percent moisture, dilution, and percent recovery.
Sample locations shown on Figure 2-6.

YA0030213.T2/3
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4 continued

TAKE 2-8
3ACKGROUND SEDIMENT COEmMATnOS - CONTROL POND

RFtw.mi INvEsTiGATION
BADGER ARMY AmMuITION PLANT

SAMPLE I
TOTAL METALS AND IWoRaAmCS CP-1 CP-2 CP-3

PB (Lead) 7.3 12 25

NIT (Nitrogen-Nitrate) 1.0 0.11 0.12
I

NH3N2 (Ammonia-Nitrogen) 53 230 320

BOD (Biochemical Oxygen Demand) <15 180 170

COD (Chemical Oxygen Demand) <1000 23,000 25,000

pH 7.38 7.17 7.70

S04 (Sulfate) <20 <20 <20
TOTAL SouDs 93% 79% 65%

Movea:

* (1) Source: Ayres, 1984
(2) AI results are dry weight basis and are listed in pglg.

4V039213.T2/4
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TABLE 3-1
CHECKLIST OF SWMU ENVIRONMENTAL SETTING AND FEATURES

REMEDAL INVESTIGATiON
BADGER ARMY AmmummoN PLANT

SURFACE SURFACE ABOVEGROUND
SWMU WETLANDS WATER IMPOUNDMENT LANDFILL STORAGE TANK

Propellant Burning X X (propane!
Ground

Deterrent Burning X
Ground

Existing Landfill X

Settling Ponds and X X X X
Spoils Disposal Area

Ballistics Pono X X

Oleum Plant and Pond X X

Nitroglycerine Pond X X

Rocket Paste Area X X

Old Acid Area X (acids)

New Acid Area X X (acids)

Old Fuel Oil Tank X (fuel)

Note:

The landfill at the rropellant Burning Ground is known as Landfill 1, and is considered a separate SWMU.

NOC392" 3T.

S. . . ... . . . .. ,



TABLE 3-2
POTENTIAL LOCATION-SPECIFIC

APPLICABLE On RELEVANT ANo APPROPRIATE REQUIREMENTS

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

SITE POTENTIAL ARARS/CrrA'nON

Propellant LANDFIL
Burning Ground

Resource Conservation and Recovery Act (RCRA), Subpart N, Landfills; (40 CFR Section
264.300)

WDNR, Solid Waste Management Regulations (WAC, Chapters 504-516)

WDNR, Hazardous Waste Landfill Standards (WAC, Chapter 660)

AIR

Clean Air Act (CAA), Prevention of Significant Deterioration (PSD) Requirements; (40 CFR
Part 52.21)

Deterrent Burning LANDFILL
Ground

RCRA, Subpart N, Landfills; (40 CFR Section 264.300)

WDNR, Solid Waste Management Regulations MWAC, Chapters 504-516)

WDNR, Hazardous Waste Landfill Standards (WAC, Chapter 660)

AIR

Clean Air Act (CAA), Prevention of Significant Deterioration (PSD) Requirements; (40 CFR,

Part 52.21)

Existing Landfill LANDFILL

RCRA, Subpart N, Landfills; (40 CFR Section 264.300)

WDNR, Solid Waste Management Regulations MWAC, Chapters 504-516)

WDNR. Hazardous Waste Landfill Standards (WAC, Chapter 660)

AIR

Clean Air Act (CAA), Prevention of Significant Deterioration (PSD) Requirements; (40 CFR,
Part 52.21)

N0039213. r3i2

.. .



6 continued

TALE 3-2
POTENT. LOCAioNPcSFic

AppucAnLE Op RELEVAuT ANc AppmOuATE REfUtEMENTS

RE11EDAL WEý
BAGRAPYAURMO PLANT

SInE POTNTAL ARARS/CrrATMON

SeWing Ponds WETLANDS
and Spoils
Disposal Area Clean Air Act (CMA), Prevention of Significant Deterioration (PSD) Requirements; (40 CFR,

Part 52.21)

Clean Water Act (CWA), Dredge or Fill Requirements; (Section 404). 40 CFR 230

U.S. Army Corps of Engineers Permit Program Regulations; (33 CFR Parts 320-330)

Fish and Wildlife Coordination Act; (40 CFR 302(g))

National Environmental Policy Act (NEPA) - Protection of Wetlands Exec. Order No. 11990: (40
CFR Part 6)

WDNR, Water Quality Standards for Wetlands (WAC, Chapter NR 103)

0' WDNR, City and Village Shoreland-Wetland Protection Program (WAC, Chapter NR 117)

WDNR, Hazardous Waste Storage, Treatment, and Disposal Facility Standards (WAC, NR 630)

SURFACE WATER

WDNR, Water Quality Standards for Wisconsin Waters (WAC, Chapter NR 102)

WDNR, Water Quality Standards for Wisconsin Waters; Uses and Designated Standards (WAC,

Chapter NR 104)

WDNR, Shoreline Management Program (WAC, Chapter 115)

WDNR, Wisconsin Statutes Annotated, Chapter 30, Dredge and FBI Requirements

City of Bamboo Floodplain Zoning Code (Subchapter 11)

LANDFILL

RCRA, Subpart N, Landfills; (40 CFR Section 264.300)

WDNR, Solid Waste Management Regulations (WAC. Chapters 504-516)

WDNR, Hazardous Waste Landfill Standards (WAC, Chapter 660)

W0039213.T3/3
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continued

TAK.t 3-2
POTENTAL LOCATw-SCIFIC

AppucAuz OR RELEVANT AND APPROPRIATE REOUREMENTS

REMEmAL INWvSTiGATON
BADGEjR ARM AMwuNmoN PLANT

Srns PoTENTIAL ARARs/CrTATwN

Ballistics Pond WETLANDS

Clean Water Act, Dredge or Fill Requirements; (Section 404), 40 CFR 230

U.S. Army Corps of Engineers Permit Program Regulations; (33 CFR Parts 320-330) P

Fish and Wildlife Coordination Act; (40 CFR 302(g))

NEPA - Protection of Wetlands Exec. Order No. 11990; (40 CFR Part 6)

WDNR, Water Quality Standards for Wetlands (WAC, Chapter NR 103)

WDNR, City and Village Shoreland-Wetland Protection Program (WAC, Chapter NR 117)

WDNR, Hazardous Waste Storage, Treatment, and Disposal Facility Standards (WAC, NR £30)

SURFACE WATER I

WDNR, Water Quality Standards for Wisconsin Waters (WAC, Chapter NR 102)

WDNR, Water Quality Standards for Wisconsin Waters; Uses and Designated Standards (WAC,

Chapter NR 104) II

WDNR, Shoreline Management Program (WAC, Chapter 115)

WDNR, Wisconsin Statutes Annotated, Chapter 30, Dredge and Fill Requirements

City of Baraboo Floodplain Zoning Code (Subchapter II)

AIR

Clean Air Act (CAA), Prevention of Significarnt Deterioration (PSD) Requirements; (40 CFR,
Part 52.21)

IW

W003O213.T3/4

I



-ontinued

TAKE 3-2
POTENTIAL LOCAwTION-SPECIFIC

APPUCADE OR RELEvANT AND APPROPmATE FEoUIREMENTS

REMEDIAL IbMSTIGATION
BADGEb R ARm Ammum oN PLmT

SrM PomTwnAa ARARs/CrTATION

Oleum Plant and WETLANDS
Pond

Clean Water Act (CWA), Dredge or Fill Requirements; (Section 404), 40 CFR 230

U.S. Army Corps of Engineers Permit Program Regulations; (33 CFR Parts 320-330)

Fish and Wildlife Coordination Act; (40 CFR 302(g))

NEPA - Protection of Wetlands Executive Order Number 11990; (40 CFR Part 6)

WDNR, Water Quality Standards for Wetlands (WAC, Chapter NR 103)

WDNR, City and Village Shoreland-Wetland Protection Program (WAC, Chapter NR 117)

WDNR, Hazardous Waste Storage, Treatment, and Disposal Facility Standards (WAC, NR 630)

SURFACE WATER

WDNR, Water Quality Standards for Wisconsin Waters (WAC. Chapter NR 102)

WDNR, Water Quality Standards for Wisconsin Waters; Uses and Designated Standards (WAC,
Chapter NR 104)

WDNR, Shoreline Management Program (WAC, Chapter 115)

WDNR, Wisconsin Statutes Annotated, Chapter 30, Dredge and Fill Requirements

City of Baraboo Floodplain Zoning Code (Subchapter II)

AIR

Clean Air Act (CAA), Prevention of Significant Deterioration (PSD) Requirements; (40 CFR,
Part 52.21)

W039213.T3/5



contnued

TAfE 3-2
PoTEnrIAL LocAO-ScECc

APPuCABLE OR RELEVANT AND APPROPRIATE REouwIREhENs

REMEDIAL INVESTIGATON
BADGER ARMY AMMuwTiON PLANT

SMT PoTEwrnAL ARARs/CrrATON

WETLANDS

Pond Clean Water Act, Dredge or Fill Requirements; (Section 404), 40 CFR 230

U.S. Army Corps of Engineers Permit Program Regulations; (33 CFR Parts 320-330)

Fish and Wildlife Coordination Act; (40 CFR 302(g))

NEPA - Protection of Wetlands Exec. Order No. 11990; (40 CFR Part 6)

WDNR, Water Quality Standards for Wetlands (WAC, Chapter NR 103)

WDNR, City and Village Shoreland-Wetland Protection Program (WAC, Chapter NR 117)

WDNR, Hazardous Waste Storage. Treatment, and Disposal Facility Standards (WAC, NR 630)

SURFACE WATER I

WDNR, Water Quality Standards for Wisconsin Waters (WAC, Chapter NR 102)

WDNR, Water Quality Standards for Wisconsin Waters; Uses and Designated Standards (WAC,

Chapter NR 104) p

WDNR, Shoreline Management Program (WAC, Chapter 115)

WDNR, Wisconsin Statutes Annotated, Chapter 30, Dredge and Fill Requirements

City of Baraboo Floodplain Zoning Code (Subchapter II)

AIR

Clean Air Act (CAA), Prevention of Significant Deterioration (PSD) Requirements; (40 CFR,
Part 52.21)

p

WO039213 T3/6
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TABLE 3-2
POTEmNTAL LOCATI*"PCIFIC

APPICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

REMEDIAL !NVESTIGATn9N 8

BADGER ARMY AMMUNmoN PLANT

SrnE PoTESmAL ARARs/CiTATm

Rocket Paste WETLANDS
Area

Clean Water Act, Dredge or Fill Requirements; (Section 404), 40 CFR 230

U.S. Army Corps of Engineers Permit Program Regulations; (33 CFR Parts 320-330)

Fish and Wildlife Coordination Act; (40 CFR 302(g))

NEPA - Protection of Wetlands Exec. Order No. 11990; (40 CFR Part 6)

WDNR, Water Quality Standards for Wetlands (WAC, Chapter NR 103)

WDNR, City and Village Shoreland-Wetland Protection Program (WAC, Chapter NR 117)

WDNR, Hazardous Waste Storage, Treatment, and Disposal Facility Standards (WAC, NR 630)

SURFACE WATER

WDNR, Water Quality Standards for Wisconsin Waters (WAC, Chapter NR 102)

WDNR, Water Quality Standards for Wisconsin Waters; Uses and Designated Standards (WAC
Chapter NR 104)

WDNR, Shoreline Management Program (WAC, Chapter 115)

WDNR, Wisconsin Statutes Annotated, Chapter 30, Dredge and Fill Requirements

City of Bamboo Floodplain Zoning Code (Subchapter II)

AIR
Clean Air Act (CAA), Prevention of Significant Deterioration (PSD) Requirements; (40 CFR,

Part 52.21)

Old Acid Area AIR

Clean Air Act (CAA), Prevention of Significant Deterioration (PSD) Requirements; (40 CFR,
Part 52.21)

W0039213.T3/7
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continuod

TABLE 3-2
POTENTIAL LOCATION-SPECIFIC

APPuCABLE OR RELEVANT AND APPROPRIATE REouIREMENTs

REMEDIAL. INVESTIGATION
BSAGER ARMY AMMUNmON PLANT

SITEr POTENTmAL ARARs/CnTATON

New Acid Area SURFACE IMPOUNDMENT

RCRA, Subpart K, Surface Impoundments; (40 CFR 264.220)

WDNR, Solid Waste Management Regulations (WAC, Chapters 504-516)

AIR

Clean Air Act (CAA), Prevention of Significant Deterioration (PSD) Requiremeics; (40 CFR,
Part 52.21)

Old Fuel Oil Tank ABOVEGROUND STORAGE TANKS

CWA - Ol Pollution Prevention (40 CFR Part 112)

AIR

Clean Air Act (CAA), Prevention of Significant Deterioration (PSD) Requirements; (40 CFR,
Part 52.21)

'WO039213.T3/8
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TALE 3-3
POTENTiAL CHEMIcAL-SP•CIFIC

APPUCANLE OR RELEVANT AJN APPROPRIATE REOUIREMENTS

REMEDALJ INVESTIGATION
BADGER ARMY AwUmWoN PLAo T

SrE ME.m fowREmT/CrrTAToN

GRCUNDWATER

Federal Regulatory Safe Water Drinking Act (SDWA), Maximum Contaminant Level Goals (MCLGs); (40
Requirements CFR Part 141)

SDWA, National Primary Drinking Water Standards, Maximum Contaminant Levels
(MCLs); (40 CFR Part 141)

RCRA, Releases from Solid Waste Management Units, Groundwater Protec!ion
Standards; (40 CFR Part 264.90-264.101, Subpart F)

State Regulatory Requirements WDNR, Environmental Protection (WAC, Chapter NR 100)
p

WDNR, Water Quality Standards for Wisconsin Waters (WAC, Chaoter 102.14)

WDNR, Witer Quality Criteria for Toxic Substances (WAC, Chapter 105)

WDNR, Procedures for Calculating Water-quality-based Effluent Limitations for Toxic

and Organoleptic Substances Discharged to Surface Water (WAC, Chapter NR 106)

WDNR, Groundwater Quality Standards (WAC. Chapter 140)

WDNR, Pollutant Discharge Elimination System Standards for Uncategorized Point
Sources (WAC, Chapter 220.20)

WDNR, Groundwater Standards for hazardous Waste; Groundwater and Leachate P
Monitoring Standards and Corrective Action Requirements (WAC, Chapter 635)

Federa! Criteria, Advisories, and Clean Water Act (CWA), Ambient Water Quality Criteria (AWOC); (40 CFR Part 131

Guidance Quality Criteria for Water, 1986)

SDWA, National Secondary Drinking Water Standards (SMCLs); (40 CFR Part 143)

EPA Reference Doses (RfDs)

EPA Reference Concentrations (RfCs)

EPA Human Health Assessment Cancer Slooe Factors (CSFs) P
EPA Office of Drinking Water, Health Advisones,

EPA Health Assessment Documents, Acceptable Intake - Chronic (AIC) and
Subchronic (AIS)

EPA, Office of Water Guidance, Water-Related Fate of 129 Priority Pollutants (1 979) I

wV039213. t3/ 9
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TAKLE 3-3
POTENTIAL CHEMICAL-SPECIFIC

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

REMEDIAL INVES'I111ATION
"BADGER AAMY AMMUNITION PLANT

SITE MEDIA REQUIREMENT/CrTATION

SURFACE WATER

Federal Regulatory CWA, National Pollutant Discharge Elimination System (NPDES); (40 CFR Par! 122,
Requirements 125)

CWA. Ambient Water Quality Criteria (AWQC); (40 CFR Part 131 Quality Criteria for
Water, 1986)

State Regulatory Requirements WDNR, Water Quality Standards for Wisconsin Waters (WAC, Chapter 102.14)

WDNR, Water Quality Criteria for Toxic Substances (WAC, Chapter 105)

WDNR, Procedures for Calculating Water-quality-based Effluent Limitations for Toxic
and Organoleptic Substances Discharged to Surface Water (WAC, Chapter NR 106)

WDNR, Pollutant Discharge Elimination System Standards for Uncategorized Point
Sources (WAC, Chapter 220.20)

Discharge to Publicly Owned CWA, National Pretreatment Standards; (40 CFR Part 403)
Treatment Works Discharge to Publicly Owned Treatment Works

SOIL Interim Guidance on Establishing Soil Lead Cleanup Levels at Superfund Sites;
[OSWER Directive #9355.4-02]

SEDIMENT No chemical-specific ARARs identified for this media.

AIR

Federal Regulatory Clean Air Act (CAA), National Ambient Air Quality Standards (NAAQS) (40 CFR
Requirements Part 50)

CAA - National Emission Standards for Hazardous Air Pollutants (NESHAPs) (40
CFR 61)

CAA - Hazardous Air Pollutants (HAPs) (CAA, Title Ill)

State Regulatory Requirements WNDR: Wisconsin General and Portable Sources Air Pollution Control Rules;
Ambient Air Quality Standards (WAC. Chapter NR 404)

WNDR; Wisconsin Particulate and Sulfur Emissions Rules: Control of Particulate
Emissions (WAC, Chapter NR 415)

WNDR; Wisconsin Organic Compound Emissions Rules (WAC, Chapter NR 419)

WDNR; Wisconsin Hazardous Air Pollutants Emissions Standards (WAC, Chapter
NR 445)

"ac039,1A".'-' 10
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TA9LE 4-1

EXPOSURE PATHWAYS -

CURRENT AND FUTURE LAND USE

REMED.AL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

p
POTENTIAL EXPOSED EXPOSURE, ROUTE, MEDIUM PATHWAY SELECTED REASON FOR SELECTION

POPULATION AND EXPOSURE POINT FOR EVALUATION? OR EXCLUSION

Grounds Maintenance Dermal contact with, incidental Yes (current and future Potential exists for workers
Workers ingestion and inhalation of scenario) to be exposed to chemicals

chemicals in surface soil in surface soil.

Research Workers Dermal contact with and No On site infrequently and not
incidental ingestion of chemicals expected to visit
in surface soil contaminated areas.

Hunters Dermal contact with and No Magnitude of exposure less
incidental ingestion of chemicals than that of grounds
in surface soil maintenance worker.

Ingestion of chemicals In deer No Tissue analysis of deer
meat meat indicates that it is not

contaminated.

Farmer Dermal contact with, incidental Yes (future scenario) Although no contaminated
ingestion, and inhalation of areas are currently used for
chemicals i, surface soil crop farming, the potential

exists for some areas to be
farmed in the future.

Ingestion of chemicals In beef No No cattle are currently
grazed on contaminated
soil. Physical character-
istics of contaminated areas
make them unlikely future
pastures.

Construction Worker Dermal contact with, incidental Yes (future scenario) Potential exists for future
ingestion of, and inhalation of land use to involve
chemicals in surface and excavation for foundation.)
subsurface soils or utilities.

Residents Dermal contact with and Yes (future scenario) Although it is not a realistic
incidental ingestion of chemicals future use, residential
in surface soil scenario is selected to

provide a conservative
comparison to other
scenarios.

WOO39213T.5/1 6853-12



TABLE 4-2
EoTwmS USED TO ESTiA•TE CHEMCwAL INTAKE

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

INGESTION OF SOIL OR SEDIMENT

Intake (mkg-day) - CSxIRx RAFx CFx FIx EFx ED
BW x AT

where:
CS = chemical concentration in soil (mg/kg)
IR = ingestion rate (mg soil/day)
RAF = relative absorption factor (unitless)1

CF = conversion factor (106kg/mg)
Fl = fraction ingested from site
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time - period over which exposure is averaged (days)2

DERMAL CoNTACT WITH SOIL OR SEDIMENT

Absorbed Dose (mglkg-day) = CS x AF x SA x RAF x CF x EF x ED
BWxAT

where:
CS = chemical concentration in soil (mg/kg)
AF = soil to skin adherence factor (mg/cm2 )
SA = skin surface area exposed (cm2/event)
RAF = relative absorption factor (unitless)1

CF = conversion factor (10"6 kg/mg)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW body weight (kg)
AT = averaging time - period over which exposure is averaged (days)2

WO039213T.5/2 6853
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(continued)

TAKE 4-2
EOuATKnOs UsED TO ESTMATE CHEMICAL INTAKE

R~mAlL bWESneTwwIO

BADGER ARW AMMUNToN PLANT

IALATMOW OF SuspENOD PAwTcULATES OR VOLATnLES

MIOMke (rln~kg-day = CA x RAF x IhR x ET x EF x ED
BWx AT

where:
CA = chemical concentration in air (mg/m 3)
IhR = inhalation rate (m3/hour)
RAF = relative absorption factor (unitless)'
ET = exposure time (hours/events)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time - period over which exposure Is averaged (days)2

* INGESTION OF SURFACE WATER

Intake (rnVA-da) = CW x RAF x CR x ET x EF x ED
BWxAT

where: I)
CW = chemical concentration in water (mg/1)
CR = contact rate (L/hour)
RAF = relative absorption factor (unidess)'
ET = exposure time (hours/event)
EF = exposure frequency (events/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time - period over which exposure is averaged (days)2

W0039213T.5/3 6853-12
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(continued)
p

TABLE 4-2
EQuATIONs Usm TO EsTmuATE CHEMCAL INTAKE

REMEDIAL IwfVEsTiATiON
BADGm ARMY AMMuNImION PLANT

DERMAL CONrACT WIH SURFACE WATER

Absorbed ow (nkg-d) - CW x SA x PC x ET x EF x ED x CF
BWx AT

I
where:

CW = chemical concentration in water (mg/1)
SA = skin surface area (cm2/event)
PC = chemical specific dermal permeability constant (cm/hr)3

ET = exposure time (hours/event)
EF = exposure frequency (events/year)
ED = exposure duration (years)
CF = conversion factor (1 liter/100 cmM)
BW = body weight (kg)
AT = averaging time - period over which exposure is averaged (days)2

"Noten:
1 RAF - Ingestion and Inhalation: Assumed to be 100%.

RAF - Dermal: Little data exist regarding the fraction of chemicals in soil that cross the skin. In the absence of this data, the dermal pathway

will not be evaluated.

2 AT: The averaging time is the pathway-specific period 6f exposure for noncarcinogenic effects (e.g., AT = ED x 365 days/year), and 70 year I
lifetime for carcinogenic effects (i.e., 70 years x 365 days/year).

PC: If chemical-specific PC value is not available, the permeability of water (1.5x103) is used as a default value.

Source: USEPA, 1989b

&
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TAMLE 4-3 P
EXPOSUmE PARAMETERS -

OCcuPATKOA./RECREATIONAL CONTACT wrIH SOIL AND SEDIMENT

REMEDAL INVfSTiGATION
BAGER ARMY Am um PLANT

OLDER
M CE COmSmUCTmON CHD

PARAMETER Wo ER WORKER FARMER (6-16) UNITS SOURCE
SON bion Rate 100 480 480 100 mg/day USEPA. 1991b

"M )1

Inhalation Rate (IhR) 2.5 2.5 1.7 NA m1/hr USEPA. 1990

Soil Adherence 1.0 1.0 1.0 1.0 mg/cm2  USEPA, 1992a
Factor (AF)

Surface Area 2,100 2,100 2,100 6,150 cm 2  USEPA, 1990
Exposed (SA)'

Fraction Ingested 100% 100% 100% 100% Assumption
from Site (FI)

Exposure Time (ET) 8 8 1 NA hours/day Assumption

Exposure Frequency 24 20 24 24 days/year USEPA, 1991b/
(EF)2  Assumption

* Exposure Duration 25 20 days 30 11 years USEPA, 1991b/
(ED) Assumption

Body Weight (BW) 70 70 70 40 kg USEPA, 1989b

Averaging Time (AT)
Cancer 70 70 70 70 years USEPA. 1991b/
Noncancer 25 20 days 30 11 years Assumption

Noun:

2,100 cm2 = 50th percen'fIe value - hands and forearms

6,150 cm2 = 50th percentile value - hands, feet, arms, and legs
2 24 days - 2 days/week for 12 weeks (summer season)

20 days - 5 workdays/week for 4 weeks
mg = milligram
hr = hour
cm 2  

= square centimeter
kg : kilogram
m3  square metr
NA not applicable

W0039213T.5/5 6853-12



TABLE 4-4 P
EXPOSURE PARAMETERS -

FUTURE RESIDENTIAL SURFACE SOIL CONTACT

REMED INVESTnGAiON
BADGER ARMY AMMUNION PLANT

PARAMETER CHLD 1-6 ADULT 7-30 UNITS SOURCE

Soil Ingestion Rate (IR) 200 100 mg/day USEPA. 1991b

Sol Adherence Factor (AF) 1.0 1.0 mg/cm2  USEPA, 1992a

Surface Area Exposed (SA)' 3,720 2,100 cm 2  USEPA. 1990

Fraction Ingested from Site (FI) 100% 100% Assumption

Exposure Frequency (EF) 350 350 days/year USEPA, 1991 b

Exposure Duration (ED) 6 24 years USEPA, 1991 b

Body Weight (BW) 15 70 kg USEPA, 1989a/1991 b

Averaging Time (AT) P
Cancer 70 70 years USEPA, 1991b
Noncancer 6 24 years USEPA, 1991b

Now.:

Child: 50th percentile area -hands, feet, arms, and legs
Adult: 50th percentile area - hands and forearms

mg = milligram
S = square centimeter

kg = kilogram

6
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TABLE-
RECREATIONAL CONTACT WITH SURFACE WATER

REMEDIAL 11NvEsTiGATtON
BADGER ARMY AMMuNImON PLANT

PARAMETER OLDER CHILD (6-16) UNITS SOURCE

Contact Rate (CR) 0.05 L/hour USEPA, 1991 b

Surface Area Exposed - Swimming 13,000 CM2  USEPA, 1990
(SAJ'

Suuface Area Exposed - Wading 6,150 cm2  USEPA, 1990

Exposure Time (ET) 2.6 hrs/day USEPA, 1989b

Exposure Frequency (EF)3  24 days/year USEPA, 1989b

Exposure Duration (ED) 11 years Assumption

Body Weight (8W) 40 kg USEPA, 1990

Averaging Time (AT)
Cancer 70 years USEPA, 1991 b
Noncancer 11 years Assumption

5fth percentile - whole body
2 50th percentile - hands. feet, arms, and legs
3 2 days/week for 12 weeks (sumnmer season)

L 112te
cm2  

= square centimnete
kg = kilogram
hrs = hours

W0A039213T.5/7 6853-12
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TABLE 4-10
POTENTIAL SOURCES OF UNCERTAINTY FOR RISK ASSESSMENT

REMEDIAL INVESTIGATON
BADGER ARMY AMuUNIToNm PLANT

POTENTIAL SOURCE OF UNCERTAINTY DIRECTION OF EFFECT JUSTIFICATION

Ukelihood of exposure pathways. Overestimate Pathways may not actually occur (e.g.,
future resident) I)

Use of maximum concentration and lack of Overestimate Risk estimates are based on recent
consideration of degradation of chemicals. chemical concentrations. Concentrations

will tend to decrease with time as a result

of degradation processes.

Exposure assumptions (frequency, Overestimate Parameters selected are conservative
duration, and intensity), estimates of exposure. S

Lack of dermal absorption data to quantify Underestimate Dermal risk would be added to risk from
dermal pathway for exposure to soil. ingestion and inhalation routes.

Extrapolation of animal toxicity data to Unknown, probably Animals and humans differ with respect tc
humans. overestimate absorption, metabolism, distribution, and

excretion of chemicals. The magnitude S
and ,.';rection of the difference will vary wi:
each chemical. Animal studies typically
involve high-dose exposures, whereas
humans are exposed to low doses in the
environment.

Use of linearized, multi-stage model to Overestimate Model assumes a non-threshold, linear a.
derive cancer slope factors. low dose relationship for carcinogens.

Many compounds induce cancer by non-
genotoxic mechanism. Model results in a
95% upper confidence limits of the canoei
risk. The true risk is unlikely to be higher
and may be as low as zero.

Summation of effects (cancer risks and Unknown The assumption that effects are additive
hazard indices) from multiple substances. ignores potential synergistic and/or

antagonistic effects. Assumes similarity in
mechanism of action, which is not the cas
for many substances. Compounds may
Induce tumors or other toxic effects in
different organs or systems.

Use of uncertainty factors in the derivation Unknown Ten-fold uncertainty factors are
of reference doses. incorporated to account for various

sources of uncertainty (animal-to-human
extrapolation, protection of sensitive
human populations, extrapolation from
subchronic to chronic data, and use of
LOAELs rather than NOAELs). Although
some data seem to support the ten-fold

factor, its selection is somewhat arbitrary.

W0039213T.5/8 . -



TABLE 4-10

POTENTIAL SOURCES OF UNCERTAINTY FOR RISK ASSESSMENT

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

POTENTIAL SOURCE OF UNCERTAINTY DIRECTION OF EFFECT JUSTIFICATION

Lack of toxicity values for many Underestimate Risks from additional compounds would be
compounds to quantity Inhalation pathway added to currently quantified risks from
for exposure to sol. inhalation exposure.

"Oe,:

LOAEL = Lowest Observed Adverse Effect Level
NOAEL , No Observed Adverse Effect Level

6
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TAKE 5-2
SUMMARY OF EXPOSURE PATHWAYS EVALUATED IN THE AREA

REMEDIA. INVESTIGATION
BADGER ARMY AmmuumoN PLANT

MEDgIUM

SURFACE SURFACE
S'TUDY AREA SOIL WATER SEDIMENT AIR

Propellant Burning Ground X *

Landfill 1 NA NA NA *

Final Creek X *

Settling Pond I X *

Settling Pond II X *

Settling Pond III X *

Settling Pond IV X *

Spoils Disposal Area I X *

Spoils Disposal Area II X *

Spcils Disposal Area III X *

Spoils Disposal Area IV X *

Spoils Disposal Area V X *

Deterrent Burning Ground X *

Existing Landfill X *

Rocket Paste Area X X X

Nitroglycerine Pond X X X *

New Acid Area NA NA NA *

Oleum Plant and Oleum Plant X X X *

Pond

Ballistics Pond X X *

Old Acid Area X *

Old Fuel Oil Tank NA NA NA

Notes:

na no analytical data
pathway not evaluated

V40039213T.4/2 6853-12
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STAmBE 5-3
RFERENcE ToXICmmy VALUES FOR AaUATIC RECEPTORS - SURFACE WATERA

I

REMEMAL WESTnGATION
BAnGER ARMY AMMUmTON PLANT

COMPoUwo mRv (p/1)

Surface Water I
AL 748

AS 153

BA 1,360

BE 5.3 D
CL 94,300

CR 9.74

CU 2.27

FE 1,000

PB 3.2

MN 100

HG 0.012

NI 66.130 I
NIT 5,000

S04 1,060,000

V 200

ZN 49.59

NH3N2 2,100

Notes:

A Summarized from information presented in Appendix 0, Table 0-3.

,ig/I = micrograms per liter

WOO39213T.4/3 6853-12
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TABLE 5-4
REFEEcE Toxcin' VALs FOR AUATC RE•EpTORS - SrDIMNAe I

REMEDI hEflSTIGATO

BADGER ARMY AmMTION PLANT

COMPON mRTV (pg/8)

Seimentd

AL 9e

NH3 75

CR 100

PB 50 IS

HG 0.1

NIT 545

S04

B2EHP I

PHANTR 1,390

DEP

NG

NNDPA

No"e:

A Summarized from information presented in Appendix 0, Table 0-3.

No RTVs available.

I8

I)

I)

I)

W0039g13T.4/4 6853-12
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TABLE 5-5
SUMMARY OF REFERENCE TOXiCITY VALUES(a) FOR TERRESTRIAL RECEPTORS

REMEDIAL WIVESTIGATION
BADGER ARMY AIaUNITION PLANT

INDICATOR SPECIES
CHEMICAL Predatory Predatory

Small Mammal Small Bird H"f~ile Mammal Bird

ACET 500500 50o 500 500
MEK 131 131 131 131 131
C6116 10 10 10 10 10
CH2CL2 52.6 52.6 52.6 52.6 52.6
ANAPNE 350 350 350 350 350
ANAPYL 600 600 600 600 600
ANTRC 3300 3300 3300 3300 3300
B2EHP 19 19 19 19 19
BAANTR 2 2 2 2 2 5
BAPYR 0.002 0.002 0.002 0.002 0.002
BBFANT 40 40 40 40 40
BKFANT 72 72 72 72 72
CHRY 99 99 99 99 99
DBAHA 0.006 0.006 0.006 0.006 0.006
DNBP 600 600 600 600 600
DNOP 175 175 175 175 175
DEP 172 172 172 172 172
24DNT 40 40 40 1 40
DPA 31 31 31 25 31
NNDMEA 0.46 0.46 0.46 2.5 0.46
NNDPA 50 50 50 50 50

* NNDNPA 5.1 5.1 5.1 5.1 5.1
FANT 40 40 40 40 40
FLRENE 250 250 250 250 250
ICDPYR 720 720 720 720 720
2MNAP 33 33 33 33 33
NAP 35.7 35.7 35.7 35.7 35.7
NC 9000 9000 9000 9000 9000
PHANTR 14 14 14 14 14
PYR 125 125 125 125 125
CCL3F 488 488 488 488 488
NG 31.5 31.5 31.5 3 31.5
AL 100 100 100 100 100
SB 0.35 0.35 0.35 0.35 0.35
AS 7.5 1 1 250 1 S
BA 1 1 1 1 1
BE 0.22 0.22 0.22 0.22 0.22
CD 0.32 7.6 7.6 0.32 7.6
CR 5.7 3.5 3.5 5.7 3.5
CU 1.21 0.2 0.2 1.21 0.2
PB 0.1 2.5 2.5 3 2.5
HG 0.12 0.007 0.007 0.1 0.007
NI 1.3 10.1 10.1 62.5 10.1
N03 133 133 133 133 133
SE 0.004 0.06 0.06 0.004 0.06
AG 18.1 18.1 18.1 18.1 18.1
S04 120 120 120 120 120
SN 0.1 3.5 3.5 0.1 3.5 S
ZN 160 160 160 160 160

(a) Ingestion toxicity data for chronic exposures by terrestrial organisms as summarized in Table N-3.

USAOZ3..A I
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TAsLE 6-4
SuMMARY OF MONITOImG WELLS LOGGED wrTm BOREHOLE GEOPHYSICS -

PROPEL.ANT BURNING GROUmo/LA.DFILL 1/SETTUNG PoNDs AND SPOILS DISPOSAL AREA

REMEDIAL INvEsTGATioN
BADGER ARMY AMMUNITION PLANT

APPROXIMATE
BoRmG DEPTH DEPTH TO WATER
FROM TOP OF FROM TOp OF
PVC RISER PVC RISER DATE DATE

SrrE/WEL.L No. (feet) (feet) LOGGED INSTALLED DRILLING METHOD

1. PBN-89-12B 142 89 5/12/89 4/15/89 Dual-wall driven casing
2. PBN-89-04C 183 90 5/12/89 4/16/89 Dual-wall driven casing
3. PBN-89-03C 162 87 5/12/89 3/9/89 Dual-wall driven casing
4. PBN-89-01D 241 102 5/12/89 1/20/89 Dual-wall driven casing
5. PBN-89-02C 195 126 5/12/89 3/19/89 Dual-wall driven casing
6. PBN-89-1OD 240 111 5/12/89 3/7/89 Dual-wall driven casing

7. PBN-89-11 114 107 5/13/89 3/7/89 Hollow-stem augers
8. PBN-82-03C 117 75 5/13/89 3/15/82 Mud rotary
9. PBN-82-05C 134 105 5/13/89 3/11/82 Mud rotary
10. PBN-82-01C 141 108 5/13/89 3/10/82 Mud rotary
11. PBN-89-09 124 107 5/13/89 3/1/89 Hollow-stem augers
12. LON-89-02B 201 147 5/13/89 2/18/89 Dual-wall driven casing
13. LOM-89-01 158 142 5/13/89 2/17/89 Dual-wall driven casing

14. SPN-89-01C 121 65 5/15/89 3/29/89 Dual-wall driven casing
15. SPN-89-02C 132 57 5/15/89 4/14/89 Dual-wall driven casing
16. SPN-89-03C 131 52 5/15/89 4/13/89 Dual-wall driven casing
17. SPN-89-04C 107 38 5/15/89 3/30/89 Hollow-stem augers
18. SPN-89-05B 89 40 5/15/89 3/30/89 Dual-wall driven casing

Notes:

PVC = polyvinyl chloride

W0039213T.6A/8
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TAfKE 6-6
WELLS INcLUDED IN GROUNDWATER SAMPLING PROGRAM -

PROPELLANT BURNING GROUSIV/LANDFILL 1/SE'nUNG PONDS AND SPOILS DISPOSA,. AREA

REMEDIAL INVESTiGATiON
BADGER ARMY AMMUNmON PLANT

SITS NEw WELLS ExisliNG WELLS

Propellant Burning Ground PBN-89-OIB.C,D PBN-82-01A.B,C
PBN-89-02B,C PBN-82-02AB.C
PBN-89-03B,C PBN-82-03A,B,C
PBN-89-04BC PBN-82-04A,B,C
PBM-89-05 PBM-82-05A,B,C
PBM-89-06 PBM-82-01
PBM-89-07 PBM-82-02
PBM-89-08 PBM-82-03
PBM-89-09 PBM-82-04
PBM-89-1OA,B,C,D PBM-82-05
PBM-89-11 S1109
PBN-89-12A,B S1117
PBN-91-06C,D S1146
PBN-91-12C,D PBM-85-01

PBM-85-02
PBM-85-03
PBM-85-04
PBM-85-05
PBM-85-06
PBN-85-01A
PBN-85-02A
PBN-85-03A
PBN-85-04A

Subtotal 25 33

Landfill 1 LOM-89-01
LON-89-02A,B
LON-89-03A,B
LOM-91-01
LOM-91-02

Subtotal 7 0

Settling Ponds and Spoils SPN-89-01C S1101
Disposal Area SPN-89-02A,B,C S1102

SPN-89-03B,C S1103
SPN-89-048,C S1104
SPN-89-05A,B S1105
SPN-91-02D S1106
SPN-91-03D $1107
SPN-91-04D S1108

$1133
S1147
S1148
S1149
S1152A,B

W0039213T.8A/10



continued

TABLa 6E6
WELLS INCLUDxEO m GROUNDWATER SAMPwN PROGRAM -

PROPELLAxT BuRNmNG GROwmu/LANOFiL. 1/SETuTNG Powos Am SPOLs DiSPOSAL AREA

REME•IAL bNESTIGATIN
BADGER ARMY AMMuL o0N PLAT

SITSt NEW WELLS EXISTING WELLS

Subtotal 13 14

TOTAL WELLS 45 47

Not.:

A,B,CD - Shallowest to deepest: A indicates shallowest well: D indicates deepest well in a well nest.

'NO0039213T f3A/1I
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TABLE 6-10
VERTICAL GROUNDWATER GRADIENTS -

PROPELLANT BURNING GROUND/LANDFILL 1/SETruNG PONDS
AND SPOILS DISPOSAL AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITON PLANT

WATER LEVEL DIFFE•ENCE COMMENT 1

WELL NEST (FT.)/SCREEN VERTICAL GRADIENT (FT/FT) (WATER LEVEL DIFFERENCE)
SEPARATION (FT.)

PBN-82-01A and B 0.02/19 0.001 lu 3  Insignificant2

PBN-82-018 and C 0.02/9 0.001u 4  Insignificant

PBN-82-02A and B 0.12/17 0.007u

PBN-82-02B and C 0.06/9 0.007d

PBN-82-03A and 8 0.01/16 0.0006u Insignificant

PBN-82-03B and C 0.01/9 0.001d Insignificant

PBN-82-04A and B 0.08/16 0.005u Small

PBN-82-04B and C 0.0/10 0.0 None

PBN-82-05A and B5  0.09/15 0.006d

PBN-82-05B and C 0.05/10 0.005u Small

PBN-85-01A and 0.29/48 0.006d
PBN-89-01 B

PBN-89-01B and C 0.11/32 0.0034u

PBN-89-O1C and D 0.01/43 0.0002u Insignificant

PBN-85-02A and 1.31/28 0.047d Substantial
PBN-89-02B

PBN-89-02B and C 0.27/33 0.008u

PBN-85-03A and 0.67/36 0.019d
PBN-89-03B

PBN-89-03B and C 0.68/35 0.019u

PBN-85-04A and 0.34/37 0.009d
PBN-89-04B

PBN-89-04B and C 0.53/37 0.01 U

PBN-89-10A and B 0.06/46 0.001d Small

PBN-89-1OB and C 0.34/29 0.01u

PBN-89-10C and D 0.26/48 0.005d

PBN-89-12A and B 0.10/44 0.002d Small

PBN-89-12B and 0.06/45 0.001 Small
PBN-91-12C

PBN-91-12C and 0.05/45 0.001 Insignificant
PBN-91-12D

WAM39213T SA/20
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TAKLE 6-10
VERTICAL GROUNDWATER GRpAIENTS -

PROPELUANT BURNING GROUND/LANDFILL 1/SETruNG PONDS
AN SroLS DisposAL AREA

REM AL INVE.STGATioN
BADGwR ARMY AMMUNmON PLANT

WATER LEVEL DIFFERENCE COMMENT'
WELL NEST (FT.)/SCREEN VERTICAL GRADIEwr (FT/FT) (WATER LEVEL DIFFERENCE)

SEARATION (Fr.)

PBM-85-06 and 0.09/111 0.0008 Small
PBN-91-06C

PBN-91-06C and 0.02/53 0.0004 Insignificant
PBN-91-06D

S1101 and S1133 0.04/37 0.001u Insignificant

S1 133 and 0.05/24 0.002d Small
SPN-89-01C

SPN-89-02A and B 0.0/36 0.0 None

SPN-89-02B and C 0.01/30 0.0003d Insignificant

SPN-89-02C and 0.0/53 0.0 None
SPN-91-02D

S1147 and 0.10/33 0.003d Small
SPN-89-03B

SPN-89-03B and C 0.02/34 0.0006u Insignificant

SPN-89-03C and 0.12/63 0.0019
SPN-91 -03D

S1 148 and 0.07/30 0.002d Small
SPN-89-04B

SPN-89-04B and C 0.04/32 0.001u Insignificant

SPN-89-04C and 0.02/100 0.0002d Insignificant
SPN-91-04D

S1152A and B 0.0/22 0.0 None

S1152B and S1103 0.24/51 0.005u

W0039213T.6A/21
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continued

TABLE 6-10 I
VERTrICAL GROUmDWATER GRADIENTS -

PROPELLANT BURNING GROUND/LANDFIUL 1/SEIruNG PONDS

ANm SpoiLs DISPOSAL AREA

REMEDIAL. INVESTIGATION
BADGER ARMY AmmummoN PLANT

WATER LEVEL DIFFERENCE COMMENT'

WELL NEST (FT.)/SCREEN VERTICAL GRADIENT (FT/FT) (WATER LEVEL DIFFERENCE)

SEARATION (FT.)

S1 104 and S1 105 0.02/23 0.0009u Insignificant

S1 105 and S1 106 0.06/26 0.0023d Small

SPN-89-05A and B 0.09/43 0.002d Small

Notes:

SWater levels measured on December 15, 1991. I

Insignificant gradient was concluded if the water level difference was less than the probable measurement accuracy considering the variance expec:

from two measurements.

3 u = upward gradient

d = downward gradient

April 7, 1992 water levels

ft/ft = feet per foot

I

D

W0039213T.6A/22
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TABLE 6-11
I, .-)RLONAL GROU#IWATE: GRADiENTS -

PROPELLAN " BURNING GROUND/LANFILL I/SErTULNG PONDS
AND SPOILS DPOSAL AREA

REMEDIAL INVESTiGATON
BADGER ARMY AmuNrmoN PLANT I

HORmONTAL GRADIENr
WELL NEST (FT/FT)' COMMENT

PBM-89-11 0.0014 Northern Propellant Burning Ground; southeasterly
LON-89-03A flow vector

PBM-82-01 0.0015 At Propellant Burning Ground; southeasterly flow
PBN-82-04A vector

PBN-82-03A 0.0013 South of Propellant Burning Ground; southerly flow
PBM-89-07 vector

PBM-85-06 0.0014 Propellant Burning Ground and Settling Ponds and p
S1148 Spoils Disposal Area; southerly flow vector

PBN-89-10B 0.0014 Propellant Burning Ground; deep gravel/cobble zone;
PBN-89-01 B southerly flow vector

PBN-89-01B 0.0012 Propellant Burning Ground; deep gravel/cobble zone;
PBN-89-04B southerly flow vector

0 PBN-89.04B 0.0015 Propellant Burning Ground; deep gravel/cobble zone;
PBN-89-12B southerly flow vector

N~ois:

Water levels measured on December 15, 1991.

ft/ft = feet per foot

W0039213T.68/1 6853-12
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TABLE 6-12
FELD HvyoRuc Cowoucnvry TEST RESULTS -

PROPELLANT BURNING GROUNO/LANOFILL 1/SEmTuNG PONDS AND SPOILS DISPOSAL AREA

REMIEDiAL INVESTiGATON
BADGER ARMY AMMUImON PLANT

MAXInMU WATER HyviAuuc
WELL LEVEL DEPRESSION CONDUCTVITY

DESIGNATION (FEET) (Cu/SEC) GEOLOGIC CONDmONS

PBM49-1 1 1.5 4x10"2  Fine to medium sand (SP)

PBN-82-03B 3.4 1x10"3  Medium-fine sand (SP-SM)

PBN-82-03C 9.0 7x10 4  Medium-fine sand (SP-SM)

PBN-89-O1B 3.7 3x10 2  Gravel with sand and
cobbles (GP)

PBN-89-O1C 10.9 3x10 2  Fine to medium sand
(SP-SW)

PBN-89-01D 4.3 5x10"2  Medium-fine sand with
trace gravel (SW)

PBN-89-02B 11.0 lx10-2 Fine to medium sand (SP)

PBN-89-02C 12.1 2x10-2  Fine to medium sand (SP)

PBN-d9-03B 8.7 lx10 2  Sand with trace gravel
(SP)

PBN-89-03C 8.7 4x10"2  Sand with trace gravel
(SP)

PBN-89-04C 5.8 2X10 2  Fine sand (SP-SW)

PBN-89-1OB 1.5 2x10' Gravel with sand (GW-SP)

PBN-89-10C 8.5 2x10 2  Medium-fine sand, little
gravel (SP-SW)

PBN-89-10D 10.7 5x102  Fine to coarse sand with
gravel and cobbles
(SP-GP)

PBN-91-06C 7.3 1.6x10 2  Medium to coarse sand,

some gravel (SW)

PBN-91-12C 4.8 8x10 3  Medium to coarse sand
with little fine sand andlittle gravel (SW)

W0039213T.6B/2 6853-12



continued

TABLE 6-12
FIELD HvamRuLc Cowoucnvrrv TEST RESULTS -

PROPELLA.N BUReNIG GROUID/LAN4FaLL 1/SErrtUNG PONmS AND SPOILS DISPOSAL AREA

REMEIA bNESTIGATION
BADGE ARMy A~uwmoroN PLANT

MAXIMUM WATER HYDRAULIC
WELL LEVEL DEPRESSION CoNoUCVrTY

DESIGNATION (FEET) (CM/SELC) GEoLoGIc CNoDmONS

PBN-91-12D 10.3 3X10"2  Medium to coarse sand,
some gravel, little fine
sand (SW)

LON-89-02B 5.0 4x10"2  Gravel and cobbles
(GP-GW)

LON-89-03B 2.0 1xI0 1  medium sand and fine
gravel (SP-GP)

SPN-89-01C 8.4 4x10"2  Fine sand (SP) over gravel
(GP)

SPN-89-02B 9.3 lx10"2  Fine to medium sand (SP)

SPN-89-02C 9.3 3X1 02 Medium to coarse and
(SP)

SPN-89-03B 8.4 4X10"2  Fine sand over gravel
(SP-GW)

SPN-89-04B 8.5 2X10.2  Fine sand and some
gravel (SP-GW)

SPN-89-04C 10.5 2X10 2  Fine sand trace gravel
(SP)

S1103 3.4 8X10.3 Medium-fine sand with
some gravel (SP, SP-SM)

VW0039213T.68/3 6853-12
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continued

I

FeLD HVORAUUC CoeucnwvTy TEST RESULTS -
PROPELLANT BURNinm GROUND/LANiF/LL 1/SETTUNG PONoS AND SPOILS DISPOSAL AREA

REMEDIAL INVESTIGATiON
BADGER ARMY AMMUNITION PLANT

MAXIMM WATER HVDRAUUC
WELL LEvEL DEPREssio CooucnvrY

DES_ _ T_ _ _(FEET) (CU/SEC) GeOLOGiC Cowormots

81106 9.8 7x103 Medium-fine sand, little
gravel (SP, SP-SM)

S1107 8.6 3x10"3  Medium-fine sand, little
gravel (SP, SP-SM)

S1114 7.5 2x10-2 Medium-fine sand, little
gravel (SP, SP-SM)

Noune:

Field data and calculations are presented in Appendix I. Hydraulic conductivities calculated using HVORSLEV method.

Hydraulic Conductivity Tests completed during March and November 1969, and November and December 1991.

Values of hydraulic conductivities represent an averaged value of multiple tests performed on each well.

cm/sec = centimeters per second

Water level recovery at this well impacted by inertial effects resulting in water level recovory above static water level. Hydraulic
conductivity measurements may be greater than calculated at this well.

WO39213T.6B/4 6853-12
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TAMLE 6-14
SUwMARY OF TCLP METALS DATA sOR SURFACE SOIL -

PROPELANT BURNING GRoUNO/L.ANDFILL 1/SETTUNG PONDS AND SPOILS DisposAL AREA

REMEDIAL INvEsTIGATiON
BADGER ARMY AMMUNITION PLANT

TCLP LEAcNATE CONCENTRATION (pg/I)

SAMPLE LocAxrON CD CR PB HG NOTEs

TCLP RL1  1,000 5,000 5,000 200

Minimum Reporting Value 6.8 16.8 43.4 0.1

PBS-91-03 LT2  LT LT LT TCLP RL not exceeded

PBS-91-06 LT LT 7,790 LT TCLP RL exceeded for PB

PBS-91-10 31.2 18.9 100,000 LT TCLP RL exceeded for PB

PBS-91-12 LT LT LT LT TCLP RL not exceeded
IP

PBS-91-15 LT LT IT LT TCLP RL not exceeded

PBS-91-16 LT LT 6,050 LT TCLP RL exceeded for PB

PBS-91-18 LT LT LT LT TCLP RI not exceeded

PBS-91-21 LT LT LT LT TCLP RL not exceeded

PBS-91-23 .. . . LT TCLP RL not exceeded

PBS-91-24 LT LT LT LT TCLP RL not exceeded

PBS-91-27 LT LT 8,310 LT TCLP RL exceeded for PB

PBS-91-29 LT LT 1,140 LT TCLP RL not exceeded

PBS-91-33 LT LT 2,070 LT TCLP RL not exceeded

PBS-91-34 LT LT 1,620 LT TCLP RL not exceeded

PBS-91C-36 IT T 910 IT TCLP RI not exceeded

PBS-91-39 LT LT LT LT TCLP RL not exceeded

Contaminated Waste Area

PBS-91-43 LT LT 315 LT TCLP RL not exceeded

PBS-91-44 LT LT 604 LT TCLP RL not exceeded

PBS-91-45 LT LT IT LT TCLP RL not exceeded

PBS-91-48 LT LT 28,000 LT TCLP RL exceeded for PB

PBS-91-49 LT LT 5,730 LT TCLP RL exceeded for PB

PBS-91-52 LT LT LT LT TCLP RL not exceeded

PBS-91-55 IT IT LT IT TCLP RL not exceeded

W0039213T.6A/12



continued<

TABLE 6-14
SUMMARY OF TCLP METALS DATA FOR SURFACE SOIL -

PROPELLANT BURNING GROUND/LANOFILL 1/SETTLING PONDS AND SPOILS DISPOSAL AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMJNmON PLANT

TCLP LEACmATE CONCENm•ATION (pg/1)

SAMPLE LOCATION CD CR PB HG NOTES

PBS-91-58 LT LT LT LT TCLP RL not exceeded

PBS-91 -61 LT LT LT LT TCLP RL not exceeded

PBS-91 -65 LT LT LT LT TCLP RL not exceeded

PBS-91-66 LT LT LT LT TCLP RL not exceeded

PBS-91-69 LT LT 1,130 LT TCLP RL not exceeded

PBS-91 -72 LT LT 209 LT TCLP RL not exceeded

PBS-91 -75 LT LT LT LT TCLP RL not exceeded

PBS-91-79 LT LT LT LT TCLP RL not exceeded

PBS-91-82 LT LT 928 LT TCLP RL not exceeded

PBS-91 -85 LT LT LT LT TCLP RL not exceeded

0 PBS-91-88 LT LT LT LT TCLP RL not exceeded

PBS-91-91 LT LT 246 LT TCLP RL not exceeded

PBS-91-95 LT LT 122 LT TCLP RL not exceeded

PBS-91-96 LT LT LT LT TCLP RL not exceeded

PBS-91 -99 LT LT LT LT TCLP RL not exceeded

PBS-91-102 LT LT LT LT TCLP RL not exceeded

PBS-91-105 LT LT LT LT TCLP RL not exceeded

PBS-91-109 LT LT LT LT TCLP RL not exceeded

PBS-91-112 LT LT LT LT TCLP RL not exceeded

PBS-91-115 LT LT 546 LT TCLP RL not exceeded

PBS-91-116 LT I T LT LT TCLP RL not exceeded

PBS-91-1 18 LT LT 397 LT TCLP RL not exceeded

TCLP Regulatory Level (RLs) exist for the following metals: AS, BA. CD, CR, SE, PB, HG. and AG. However, these results
were reported only for CD, CR, PB. and HG. (See List of USATHAMA Chemical Codes for defiriions of chemical
abbreviations).
LT - Less than the Minimum Reporting Value: corrected for percent moisture, dilution, and percent recovery.

W0039213T.6A/13
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TABLE 6-17

SSummy OF TCLP METALS DATA FOR SUBSURFACE SOIL -
PROPELLANT BURNNG G•aOmD/LANOiLL 1/SErTIIG PONDS AND SPOILS DISPOSAL AREA

RimuDiAL ImvEsTiGAnoO
BADGER ARMY AmmuNmON PLANT

TCLP LEACHATE CONCENTATION (pg/1)

SAWMLE NOTES
LOCATION DEPTH CD CR PB HG

TCLP RL1  1,000 5,000 5,000 200

I
Minimum 6.8 16.8 43.4 0.1
Reporting Value

PBB-91-01 16 LT LT LT LT TCLP RL not exceeded

PBB-91-01 105 LT LT LT LT TCLP RL not exceeded

PBB-91-02 27 LT LT LT LT TCLP RL not exceeded

PBB-91-02 102 LT LT LT LT TCLP RL not exceeded

PBB-91-03 4 LT LT LT LT TCLP RL not exceeded

PBB-91-03 101 LT LT LT LT TCLP RL not exceeded

* PBB-91-04 18 LT LT 122 LT TCLP RL not exceeded

PBB-91-04 72 LT LT 95.2 LT TCLP RL not exceeded

PBB-91-04 102 LT LT LT LT TCLP RL not exceeded

PBB-91-04 107 LT LT LT LT TCLP RL not exceeded

PBB-91-05 73 LT LT LT LT TCLP RL not exceeded

PBB-91-05 73l LT LT LT LT TCLP RL not exceeded

PBB-91-06 6 LT LT LT LT TCLP RL not exceeded

PBB-91-06 12 9.5 LT 1,460 LT TCLP RL not exceeded

PBB-91-06 14 10.1 LT 167 LT TCLP RL not exceeded

PBB-91-06 20 LT LT LT LT TCLP RL not exceeded

PBB-91-06 31 LT LT LT LT TCLP RL not exceeded

PBB-91-06 41 LT 22.8 LT LT TCLP RL not exceeded
PPBB-91-06 61 LT LT LT LT TCLP RL not exceeded

PBB-91-06 91 LT LT LT LT TCLP RL not exceeded

PBB-91-07 6 LT LT LT LT TCLP RL not exceeded

PBB-91-07 8 LT LT LT LT TCLP RL not exceeded
I

P88-91 -07 10 LT LT LT LT TCIP RI not exceeded

PBB-91-07 12 LT LT LT LT TCLP RL not exceeded

WO39213T.6A/14



continued

TALE 6-17
SuMMer OF TCLP METALS DATA FOR SUBSURFACE SOIL -

PROPELLANT BURNING GROUND/LANDFiL l/SErLuNG PONDS AND SPOILS DISPOSAL AREA

REMEDIAL INvEStIGATiON
BADGER ARMY AMMUNITION PLANT

TCLP LEAcHATE CONCENTRATON (Wg/l)
SAMPLE NOTES

LOCATION DEPTH CD CR PB HG

PBB-91-07 20 LT LT LT LT TCLP RL not exceeded

PBB-91 -07 32 LT LT LT LT TCLP RL not exceeded

PBB-91 -07 62 LT LT LT LT TCLP RL not exceeded

TCLP Regulatory Level (RLs) exist for the following metals: AS. BA. CD, CR, SE, PB, HG, and AG. However, these results
were reported only for CD, CR, PB, and HG. (See List of USATHAMA Chemical Codes for definitions of chemical
abbreviations).
LT - Less than the Minimum Reporting Value; corrected for percent moisture, dilution, and percent recovery.
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TABLE 6-21
COVsOUNos OF POTENTIAL CONCERN -

PROPELLANT BURNING GROUND

REMEDIAL INVESTIGATiON p
BADGER ARMY AMMUNITION PLANT

EX"O°UE POINT CONCENTRATION

COMPOUND SURFACE SOIL' SUBSURFACE SOIL2

OF POTENTIAL CONCERN (W/g) (g/g)

24DNT 10.7 58.9

26DNT 1 2

2MNAP 0.452 18.2

ANAPNE - 16.9 p
ANAPLY 1.04

ANTRC 12.4

AS 9.45 18.8

B2EHP 6.2 6.2

BAANTR 0.204 8.9

BAPYR 3.55

BBFANT 3.91

BGHIPY - 2.57

BKFANT - 3.36 P
C6H6 0.42 9.09

CHRY 3.68 8.28

CR 49.8 40.4

Cu 344 327.19

DBAHA - 0.661

DBZFUR 5.8

DEP 6.2 6.2

DNBP 6.35 6.2

FANT 0.2 6.2

FLRENE 18.4

HG 0.334

ICDPYR 4.52

MEC6H5 14.4

NAP 6.2

NI 27.3

NIT 35

NNDPA 30.8 12

PB 2700 1200

PHANTR 1.32 12

W0039213T.6A/16



continued

TABLE 6-21
COMPOUNDS OF POTENTIAL CONCERN -

PROPELLANT BURNING GROUND

REmEa INEsTnGATioN
BAGER ARw AMUNmnON PLANT

EXPOSURE PoIrN CONCEmTATION

COMPOUeD SURFACE SOIL' SUBSURFACE SOIL2

OF POTENTIAL CONCERN (pog/) I (pog/)
PYR 0.168 6.2

SE 0.618 1.77

S04 280

TRCLE 0.23

TXLEN 39.5

ZN 1040 1253.94

Not..:

- = Not identified as a compound of potential concern.
Exposure point concentrations is the 95th percentile concentration.
pg/g = micrograms per gram; equivalent to parts per million (ppm).

Assessment of surface soil contamination was performed using samples PBS-91-01 through PBS-91-108. In addition, the

Supper portions of samples PBS-g1-109 through PBS-g1-1 14 were used to assess contamination of surface soil by 24DNT,
26DNT, C"66, and CCL3F.

2 Assessment of subsurface soil contamination from 0 to 12 feet was performed using data from the following borings, test

pits, and surface soil samples: LOB-90-01, LOB-90-02, PBB-90-01, PBB-90-02, PBT-90-01 through PBT-90-08, PBB-91-01
through PBB-91-07, and the deeper samples from PBS-91-109 through PBS-91-118.

W0030213T.6A/17



TAKE 6-22
SummARY OF RISK EsTnATEs -
PROPELLANT BURNING GROUND

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNInoN PLANT

CANCER HAZARD

EXPOSURE SCENARIO EXPOSURE ROUTE RISK kIsX

Current and Future Grounds Soil Ingestion 2x106 0.005
Maintenance Worker

Inhalation of particulates and vapors 2x10V 0.0000002
Total for Grounds 2x10-6 0.005

Maintenance Worker

Future Residential Soil Ingestion 8x1 0" 0.8

Future Farmer Soil Ingestion lxi 0" 0.02
Inhalation of Particulates and 7x1 05 0.03
Volatiles

Total for Farmer 8x10s 0.05

Future Construction Worker Soil Ingestion 2x1 06 0.8
Inhalation of Particulates and lx10-7  0.00007
Volatles

Total for Construction Worker 2x10- 0.8

W0039213T.6B/6 6853-12
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TABILE 6-24
SUMMARY oF RisK EsnmATES -

STTL.NG PONDS AND SPOILS DIsPosAL AREA

REMEDIAL IVESTiGATiON
BADGER ARMY AMMUNmON PLANT

CANCER HAZARD

EXPOSURE SCENARIO EXPOSURE ROUTE RiSK INDEX

Final Creek Outflow

Current and Future Grounds Maintenance Soil Ingestion 4x10 7  0.0002
Worker

Inhalation of Particulates and Vapors 2x10i1  0.0000004

Total Grounds Maintenance Worker 4x1 07 0.0002

Future Residential Soil Ingestion 2x10- 0.03

Future Construction Worker Soil Ingestion 7x10.8 0.01

Inhalation of Particulates and 4x10 10  0.0009
Volatles

Total Construction Worker 7x1 08 0.06

Final Creek

Current and Future Grounds Maintenance Soil Ingestion lx106 0.0004
Worker

Inhalation of Particulates and Vapors ND ND

Total Grounds Maintenance Worker lx1 06 0.0004

Future Residential Soil Ingestion 5x10 5  0.06

Settling Pond 1

Current and Future Grounds Maintenance Soil Ingestion 5x1 06 0.008
Worker

Inhalation of Particulates and Vapors ND ND

Total Grounds Maintenance Worker 5x1 06 0.008

Future Residential Soil Ingestion 2x1 04 1.0

Future Construction Worker Soil Ingestion 7x107 0.006

Inhalation of Particulates and ND ND
Volatiles

Total Construction Worker 7x10-7  0.006

W0039213T. 1380\4



- continued

TAKtE 6-24
SUmmARY OF RisK ESTwMATES -

SETiUNG PoNDs AND SPOILS DiSPOSAL AREA

REMEDIAL bNESGATION
BADER ARMY AMMUNmON PLANT S

CACER HAzARD

EXPOSURE ScEmNRO EXPOSURE ROUTE RISK INDEX

Settling Pond 2

Current and Future Grounds Maintenance Sol Ingestion 2x10 7  0.0004
Worker

Inhalation of Particulates and Vapors ND ND

Total Grounds Maintenance Worker 2x10 7  0.0004

Future Residential Soil Ingestion 8x106 0.06
S

Future Construction Worker Soil Ingestion 3x108 0.004

Inhalation of Particulates and ND ND
Volatiles

Total Construction Worker 3x1 08 0.004

S Settling Pond 3

Current and Future Grounds Maintenance Soil Ingestion 9x108 0.0002
Worker

Inhalation of Particulates and ND ND
Vapors

Total Grounds Maintenance Worker 9x108 0.0002

Future Residential Soil Ingestion 4x10,6 0.03

Future Construction Worker Soil Ingestion lx108 0.002

Inhalation of Particulates and ND ND
Volatiles

Total Construction Worker lxio 0.002

Settling Pond 4

Current and Future Grounds Maintenance Soil Ingestion ND 0.00002
Worker

Inhalation of Particulates and Vapors ND ND

Total Grounds Maintenance Worker ND 0.00002

Future Residential Soil Ingestion ND 0.003

W0039213T.1380\5
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continued

TAmE 6-24
SUMMARY OF RISK Es-nmATEs -

SETrUNG PONDs AmO SpoLs DisPosAL AtEA

REMEDIAL INVESTtGATION
BADGER ARMY AMMUNITION PLANT

CANCER HAZARO
ExposRE SCENARIO EXPOSURE ROUTE RISK INDEX

Spoils Disposal Area 1

Current and Future Grounds Maintenance Sol Ingestion 3x1 0 0.0009
Worker

Inhalation of Particulates and Vapors ND ND

Total Grounds Maintenance Worker 3x10 7  0.0009

Future Residential Sol Ingestion Ixi 0 5  0.1

Spoils Disposal Area 2

Current and Future Grounds Maintenance Soil Ingestion 3xU10 0.0004
Worker

Inhalation of Particulates and Vapors ND ND

Total Grounds Maintenance Worker 3x1 0. 0.0004

Future Residential Soil Ingestion 1x10 0.06

Spoils Disposal Area 3

Current and Future Grounds Maintenance Soil Ingestion 3x108 0.0002
Worker

Inhalation of Particulates and Vapors ND ND

Total Grounds Maintenance Worker 3x1 0-8 0.0002

Future Residential Sol Ingestion lx106 0.03

Spoils Disposal Area 4
Current and Future Grounds Maintenance Soil Ingestion 2x108 0.0002

Worker

Inhalation of Particulates and Vapors ND ND

Total Grounds Maintenance Worker 2x108 0.0002

Future Residential Soil Ingestion 8x10 7  0.02

W0039213"T.1380\6



Of continted

TABLE 6.24
SuMARpY OF RiSK EsnmmTES -

SErnUm Poses AND SPOmLs DsPosAL AiiEA

RE mED bETIGATON
ACOR ARWMY AMMUNffION PLANT I

CAN•C•R HAzARu

ExposuaL SciEnArno EXPOSURE ROUTE RiSm INDEX

Spoils Disposal Area 5

Current and Future Grounds Maintenance Soil Ingestion 7x10' 2  0.0002
Worker

Inhalation of Particulates and Vapors ND ND

Total Grounds Maintenance Worker 7x10"1 2  0.0002

Future Residential Soil Ingestion 3x1010 0.03

Noe*:

ND = Not determined - no toxicity values available for compounds of potential concern.

• .I i
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TABLE 6-26
ECOLOGICAL CONTAMMAINNTS OF CONCERNA -

PROPELLANT BURNING GROUND

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

COMPOUND FREQUENCY EXPOSURE POINT CONCENTRATION' P
Surface Soic

24DNT 16:114 10.7

2MNAP 2:13 0.452

AS 83:108 9.45

B2EHP 1:13 6.2 P
BAANTR 1:13 0.204

C6H6 8:114 0.42

CHRY 1:13 3.68

CR 108:108 49.8

CU 108:108 344 P
DEP 7:13 6.2

DNBP 4:13 6.35

FANT 2:13 0.2

HG 31:108 0.334

NI 108:108 27.3

NNDPA 3:13 30.8

PB 108:108 2,700

PHANTR 3:13 1.32

PYR 1:13 0.168

SE 10:108 0.618

ZN 108:108 1,040

Notes:

A Constituents selected based on criteria presented in Table 0-5 and discussed in Section 5.0.

0 95th percentile or maximum; unit- inu,1/

c Assessment of surface soil contamination was performed using samples PBS-91-01 through PBS-91-108. In addition, the upper

portions of samples PBS.91-109 through PBS-91-114 were used to assess contamination of surface soil by 24DNT, 26DNT, C6H6.
and CCL3F.

W0039213T.6B/7 6853-12

I



Ip

TALE 6-27 EA
ECOLOGICAL CONTAMNANTS OF CONC N -

FRNA CREEK AREA

REM1EDIA INvEsTIGATION
BADGER ARMY AMmUNmON PLANT

COMPOUND FREoUENCY EXPOSURE POINT CONcENTRATO
Surface $~o

PB 8:8 40

SN 7:8 63
NIT 8:8 11
NH3 8:8 1,800

S04 4:8 260

24DNT 5:8 6
26DNT 6:8 40

DEP 2:8 0.13
DNBP 5:8 26

DPA 6:8 15
2NNDPA 3:8 2

NC 3:8 740

A Constituents selected based on criteria presented in Table 0-6 and discussed in Section 5.0.

1 95th percentile or maximum; units in pg/g.

c Assessment of surface soil contamination (0 to 2 feet) was performed using data from samples FC-1 through FC-8.

VU39213T.6B/8 6853-12
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TABLE 6-28
ECOLoGICAL CONTAMINANTS OF CONCERNA -

SETTLING POND 1

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNmON PLANT

COMPOUND FREQUENCY EXPOSURE POINT CONCENTRATIONa

slita sfC
PB 16:17 180

SN 17:17 57

NIT 14:16 13

NH3 14:14 740

S04 8:18 2,500

24DNT 5:15 172

26DNT 6:14 26

DEP 1:15 460

BP 6:15 14

DPA 6:14 10

2NNDPA 3:14 0.97

NC 7:15 60,000

Notes:

A Constituents selected based on criteria presented in Table 0-7 and discussed in Section 5.0.

i 95th percentile or maximum; units in/g/g.

C Assessment of surface soil contamination (0 to 2 feet) was performed using data from samples FPI-1 through FPI-14, and S1201

through S1204.

W0O39213T.6B/9 6853-12
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TAKLE 6-29
EcoLmoCp. CrAwN AmTs OF COWCENuA-

SETTUNG PONO 2

REmEWAL INVESTmGATXN
BADGER ARMY AMMUNITION PLANT

CooweD FPEWUENCY EXPOSURE PoINT CONCENTRATIOld3

Surface o

PB 3:3 250

SN 3:3 53

NIT 3:3 43

NH3 3:3 840

S04 1:3 64

24DNT 1:4 7.6

26DNT 1:4 135

DEP 1:4 0.74

DNBP 1:3 1.5

DPA 1:3 1.5

NC 2:3 280

NoIts:

Constituents selected based on criteria presented in Table 0-8 and discussed in Section 5.0.

* 95th percentile or maximum; units in/jg/g.

c Assessment of surface soil contamination (0 to 2 feet) was performed using data from samples FPII-1 through FPII-3 and S1205.

w

M

W0039213T.68/10 6853-12
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TAKE 6-30
Ecow.cA. COTAmNANmTS OF CONCERNA -

SETTUING POND 3

REMEDIAL INVESTIGATION

BADGER ARMY AMMUNIIrON PLANT

COMPOUND FREQUENCY EXposuRE POINT CONCENTRATION I
surfaem So~f

PB 15:15 34

SN 15:15 72

NIT 15:15 4.9

NH3 15:15 520

S04 2:15 36

24DNT 1:16 2.6

26DNT 1:15 1.5

DEP 1:16 44

DNBP 5:16 17.4

DPA 4:15 2.8

NC 2:15 190

Noteu:

A Constituents selected based on criteria presented in Table 0-9 and discussed in Section 5.0.

95th percentile or maximum; units in /Q1g.

C Assessment of surface soil contamination (Oto 2 feet) was performed using data from samples FPIII-1 through FPIII-15 and S1206.

I)

W0030213T.68/11 6853-12
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TAKE 4-31
ECOL.OGICA CONTAM'wITS OF COmC.RNA -

SETTUJN POND 4

PR3MEDAL brASTGATM
RADGER ARMY AMMUNTON PLANT

COMPON FRECU ExPO ME POWT COwoTR
Surface Wol

AL 11:11 60,000

PB 11:11 10

SN 11:11 77

NIT 10:11 10

NH3 10:10 960

S04 3:11 400

DPA 1:10 0.36

NC 2:11 1,038

Nouns:

Constituents selected based on criteria presented in Table M-10 and discussed in Section 5.0.

' 95th percentile or maximum; units in p/g.

0 c Assessment of surface soil contamination (0 to 2 feet) was performed using samples FPIV-1 through FPIV-10 and S1207.

6

I
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TABLE 6-32
ECowLCOU CoNrTAM•ilAS OF CONCERNA -

SPOILS DiSPOSAL AREA I

REMEDAL INVESTIGATION
BADGER AMYu AmMUNmON PUNT

COUwOwK I FREQUENCY EXPOSURE POINT CONCEnoRATiO

Surface Soi
PB 5:5 249

SN 5:5 3.68

ZN 5:5 212

BR 2:2 12 I

CL 5:5 19

NIT 5:5 16

S04 5:5 146

CH2CL2 3:3 0.01

24DNT 3:3 12

26DNT 1:1 1

B2EHP 1:1 0.35

DNBP 5:5 51

DNOP 1:1 8.6

DPA 4:4 24 1
NC 5:5 11,000

NG 1:1 19

Note.:

A Constituents selected based on criteria presented in Table 0-11 and discussed in Section 5.0.

95th percentile or maximum; units in ;g/g.

c Assessment of surface soil contamination (0 to 2 feet) was performed using samples SDI-1 through SD1-5.

6

W0039213T.68/13 6853-12
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TABLE 6-33

ECOL jGwAL CoaTAmas OF CONC -
SPOeLs DispOSAL AR 2

,, .'•Al. INVESTIGATION

SADQfrJ, ,RvN AummWUTIO PLANT

COMPOUND FREQUENCY EXPOSURE POINT CONCENTMTIOt
Surface Sqi

PB 5:5 373

SN 5:5 4.04

ZN 5:5 748

BR 1:1 4

CL 5:5 23

NIT 5:5 10

S04 5:5 130

CH2CL2 3:3 -.012

24DNT 4:4 1.3

DNBP 5:5 5.8

DPA 5:5 3.2

NC 5:5 8,000

A Constituents selected based on criteria presented in Table Q-12 and discussed in Section 5.0.

' 95th percentile or maximum; units in pg/g.

SAssessment of surface soil contamination (0 to 2 feet) was performed using samples S12-1 through S02-5.

6

W0039213T.6B/14 6853-12



TAKE 6-34
EcoLow•.rA COttrAmmAmT oF COINCERNA-

SPOILS DIspOsAL AREA 3

REMEIDAL ImESTiGATioN
BADGER ARmY AumuNmOw PLANT

COowID FRrouENcY EXPOSUE POINT CONCENTRATION3

Surface SOc

PB 10:10 67

SN 10:10 5.8

ZN 10:10 251

CL 10:10 17

NIT 10:10 22

S04 10:10 75

CH2CL2 1:1 0.025

24DNT 5:5 1.1

DNBP 9:9 4

DPA 5:5 2.2

NC 10:10 3.800

Notw.:

A Constituents selected based on criteria presented in Table 0-13 and discussed in Section 5.0.

95th percentile or maximum; units in pg/g.

C Assessment of surface soil contamination (0 to 2 feet) was performed using samples from SD3-1 through SD3-10.

W0039213T.6B/15 6853-12



TABLE 6-35
ECOLoOGICAL COMAMMANTS OF ENA-

SPOILS DIsPOSAL AREA 4

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

CoMPOUND FREQUENCY EXpOSUR POINT CONCENTRATno
Surface So~

PB 10:10 120

SN 10:10 1.64

ZN 10:10 204

CL 9:9 13

NIT 10:10 12

S04 10:10 139

CH2CL2 4:4 0.01

24DNT 1:1 0.7

B2EHP 1:1 0.32

DNBP 4:4 4.4

DNOP 3:3 0.63

DPA 1:1 1.1

NC 9:9 3,000

Neon:

A Constituents selected based on criteria presented in Table 0-14 and discussed in Section 5.0.

95th percentile or maximum; units in pg/g.

c Assessment of surface soil contamination (0 to 2 feet) was performed using samples from SD4-1 through SD4-10.

W0039213T.6B/16 6853-12



S

TAKLE 6-36
ECOLOGICAL CorTAmAN•Ts OF CONERNA -

SPoILS DISposAL Au 5

REMEDIAL INVESTIGATION
BADGER ARMY AhAwmoN PLANT

CouMPoUNo FRE IENCY EXPOSURE POINT CONCENTRATION3

PB 8:8 102

SN 10:10 1.94

ZN 9:9 306

BR 1:1 16 5
CL 9:9 18

NIT 10:10 18

S04 10:10 38

CH2CL2 3:3 0.01

DNBP 7:7 6.5

DNOP 1:1 0.2

DPA 3:3 2.4

NC 8:8 11,000

Notes: 5
A Constituents selected based on criteria presented in Table 0-15 and discussed in Section 5.0.

a 95t percentile or maximum; units in pg/g.

c Assessment of surface soil contamination (0 to 2 feet) was performed using samples from SD5-1 through SD5-10.

1

D

I

I
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TABLE 6-37
SUMMARY OF RISK EVALUATION FOR TERRESTRIAL RECEPTORS -

PROPELLANT BUmmGa Gnouwo

REMEDIAL W.STIGATION
BADGER ARW AMWItmmON PLANT

HAZARD INDICESA

RECEPTOR ACUTl Rise CHuONICc RIsKc

Short-tailed shrew 5.5E+03 1.1E+05

Eastern meadowlark 2.8E + 02 2.OE + 03

Garter snake 3.815+02 6.3E + 03

Red fox 2.2E+01 3.7E+01

Red-tailed hawk 2.56+02 2.4E + 02

Notes:

A Sum of the individual Hazard Quotients for each surface soil contaminant of concern; each HO calculated by dividing the

estimated exposure dosage by the Reference Toxicity Value (MTV). Hazard Quotients are presented in Appendix R, Tables R-31
and R-32 for acute and chronic exoosures, respectively.

Based on comparison to acute RTVs.

C Based on comparison to chronic RTVs.

W6

I

I

W0039213T.6B/18 6853-12
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TAKLE 6-38
SUMwMAR OF RISK EVALUATION FOR TERRESTRIAL RECEPTORS -

SETTLING PoNDs ARN SPoILs DISPOSAL AREA

REM•DI.A INVESTIGATION
BADGER ARMY AMMUNITION PLANT

HAZARD INDICESA

RIECJn ACUTE RIsKa CHRONIC RISKC

Final Creek Area
Short-tailed shrew 8.0E+01 2.6E + 03
Eastern meadowlark 2.0E + 00 2.8E + 00
Garter snake 3.9E + 00 5.1E+01
Red fox 5.1E-1 2.2E-1
Red-tailed hawk 5.5E-01 2.4E-02

Settlina Pond 1 Area
Short-tailed shrew 3.5E + 02 7.8E + 03
Eastern meadowlark 8.3E+00 2.4E+01
Garter snake 1.7E+01 3.9E + 02
Red fox 2.3E + 00 3.8E + 00
Red-tailed hawk 2.OE +00 7.5E-01
Settling Pond 2 Area
Short-tailed shrew 4.7E + 02 1.OE + 04
Eastern meadowlark 1.1E+01 3.2E+01
Garter snake 2.4E+01 5.1E+-01
Red fox 6.6E-01 8.5E-01
Red-tailed hawk 1.9E +00 2.6E-01

Settlinq Pond 3 Area
Short-tailed shrew 6.8E + 01 2.5E + 03
Eastern meadowlark 1.7E + 00 6.4E + 00
Garter snake 3.4E + 00 1.3E+02
Red fox 2.0E-01 3.5E + 00
Red-tailed hawk 5.5E-01 2.7E-01

Settling Pond 4 Area
Short-tailed shrew 6.7E + 02 1.4E + 04
Eastern meadowlark 2.OE+01 1.OE + 02
Garter snake 3.3E+01 6.8E + 02
Red fox 3.5E+00 5.6E+00
Red-tailed hawk 1.1E+01 4.6E + 00
Spools Disposal Site 1 Area
Short-tailed shrew 6.6E + 02 1.3E + 04
Eastern meadowlark 1.5E+01 4.3E+01
Garter snake 3.3E + -1 6.63+02
Red fox 1.7E + 00 2.5E-01
Red-tailed hawk 5.5E+00 3.3E-01

Spoils Disposal 2 Area
Short-tailed shrew 7.2E +02 1.4E +04

Eastern meadowlark 1.7E+01 3.4E+01
Garter snake 3.6E + 01 4.9E + 02

W0039213T.6B/19 6853-12
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continued

TABLE 6-38

SUMMARY OF RISK EVALUATION FOR TERRESTRIAL RECEPTORS -
SETnLING PONDS AND SPOILS DISPOSAL AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

HAZARD INDICESA

RECEPTOR AcuTE RimK CHRONIC RISKc

Red fox 3.1E+00 2.3E-01

Red-tailed hawk 1.1E+01 3.5E-01

Spoils Disposal 3 Area

Short-tailed shrew 1.3E+2 2.6E + 03

Eastern meadowlark 3.3E + 00 5.7E + 00

Garter snake 6.7E + 00 7.9E + 01

Red fox 8.7E-01 7.2E-02

Red-tailed hawk 3.2E1+00 7.7E-02

Spoils Disposal 4 Area

Short-tailed shrew 2.3E+02 4.6E + 03
Eastern meadowlark 5.5E+00 1.5E+01

Garter snake 1.2E+01 2.3E + 02
Red fox 1.1E+00 1.2E-01

Red-tailed hawk 3.8E+00 1.7E-01

* Spoils Disposal 5 Area

Short-tailed shrew 2.OE + 02 3.9E + 03

Eastern meadowlark 4.9E + 00 1.4E+01

Garter snake 1.0E+01 1.9E + 02

Red fox 1.4E+00 1.4E-01
Red-tailed hawk 5.2E + 00 2.1E-01

No*:

A Sum of the individual Hazard Quotients for each surface soil contaminant of concern: each Ho calculated by dividing the

estimated exposure dosage by the Reference Toxicity Value (RTV). Hazard Quotients are presented in Appendix R, Tables R-33
through R-52.

* Based on comaprison to acute RTVs.
C Based on comparison to chronic RTVs.

W0039213T.6B/20 6853-12
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1 4 LOCATION OF SINGLE MONITORING WELL

SLOCATION OF MONITORING WELL NEST 0 C

0 CONTOUR UINE INDICATING APPROXIMATE
WATER TABLE ELEVATION

NOTES:
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INTERPRETIVE
WATER TABLE CONTOUR PLAN
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Model Pumping Well Thickness
Layer (feet)___( )

Unsaturated
Zone

(Sand)

1 Sand K 150 It/day 55ip
2 Gravel K =150 fItMay 15

3 Sand K =SO ft/day 15

4 Sand K =150 fOtday 15

5 Sand K = 150 Iday 15

6 Sand K = 150 ft/day 20

7 Gravel K= 1500 t/day 15

LEG=N

PUMPING WELL

V WATER TABLE

SCREENED INTERVAL p

FIGURE 6-18
BOX MODEL LAYERS I

REMEDIAL INVESTIGATION
NOT TO SCALE BADGER ARMY AMMUNITION PLANT

929470 ABB Environmental Services, Inc.--
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C)Constant Head Boundary =772 FT MSL
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Constant Head Boundary =769 FT MSL

FIGURE 6-19
BOX MODEL GRID

SCALE IN FEET REMEDIAL INVESTIGATION
0 50 00 BADGER ARMY AMMUNITION PLANT
IABB Environmental Services, Inc.



004

Hil I I
5 7 6....

PROPELLANT BURNING GROUND

60

137 135l

""milli 123 6111

_____WWII



N-

3 PsimaRAAs PBidsM S

17 L0owwwom a 11104

* II&IA14 wm0 P06swa

mom* n PM'% no in

is P..S *0 P*4&54S 16
Is pwflSS ýiUOS 411 *1

w 11S1117 21 101116U9 43 111
w7 0~G~A U o-w PU84IW de S

:6 M11045 A n USam 40
ii PS.4A.3.C U pow4-ims 47

SP 1 SETTLING PONDS AREA AND
DESIGNATIO

APPROXMATE LOCATION OF
MONITORING WELL NS

0EX(TRACTION WELL CURAET

CONSTANT HEAD CELL

NO-FLOW CELL (INACTIVE)

NOTES:
41 ~ 1. BASE MAP PREPARED FROM 300SCALE 1

* T TOPOGRAPHIC PLAN PROVIDED BY OLIN

~~ CORPORATION.

SP3

SETTLNG PONDS AND
SPOLS DISPOSAL AREA/

PROPELLANT BURNING GROUND MO
APPROXIMATE SCALE 11 FE REMEDIAL IN

BADGER ARMY AMMUN
0 1000 -Ap9 Environmenal



0 0j -.-
4005 100N -14 MONSOON

Pw&" 21 pSMCý w0 6iUt
3 &C. I ru aim a I al.s4oSAC

* 10084" uPN.UA U W0

NWIAC 0 PI64",iA 3

6 rsI•N.I.iN.Cao as pI'0a1g 81147

9 Pop." PIu4IM 3? oWuom
tO MW4 a PO-AM4 W116 I.WW4610

11 M4 PIV14 4I 1• II1110,14
it POA6 o a mim~it.S
ispe u a P4S4 a ,is mI •13 •-U-at 40 OP1M4SO
14 P6041 30 P36-44 41 Ollie
Is 42USAC U4O oll lS1U 1 Sl 0 St

is SIll? 3i paS4? 43 s~lm0

SlideP4M 46 LO4l41-

i1 P•SAP1PROXIMATE 4?ATO OFSNL

E 30 APPRXIMT LAIn O

A

P 1OSETTLING PONDS AREA AND
S C DESXGNATION

88U SPOILS DISPOSAL AREA AND
DESNNATION

.I 1 *E APPROXIMATE LOCATION O. SINGLE
MO4NITORING WELL

TO#G APPROIC MATE LOCATION OF
'" MONITORING WELL NEST0

0 EXTRACTION WELL CURRENTLY IN USE

CONSTANT HEAD CELL

NO-FLOW CELL (INACTIVE)

NOTES:
11. ASE MAP PREPARED FROM 300-SCALE SITE

SBTOPO G ER IC PLAN PROVIDED BY OU N

SS ECORPORATION.

~ EP 4

AND
AREA

FIGURE 6-20
PROPELLANT BURNING GROUND MODEL GRID

E INME REMEDIAL INVESTIGATION
2OW BADGER ARMY AMMUNITION PLANT

-- ASS Envkonmental Services, Inc.-



I)

I

Model Pumping Well Thickness I
Layer (feet)

Unsaturated I
Zone

(Sand)

• I

1 Sand K= 195 ft/day 55

-~II

2 Gravel - K = 240 ftday 15

S3 Sand K = 195 ft/day 60-85

4 Sand K = 195 ftiday 20
I

5 Gravel K = 240 ft/day 5-35

G PUMPING WELL

WATER TABLE

SCREENED INTERVAL

FIGURE 6-21
PROPELLANT BURNING GROUND

MODEL LAYERS
REMEDIAL INVESTIGATION

NOT TO SCALE BADGER ARMY AMMUNITION PLANT
ABB Environmental Services, Inc._
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31 2 04

Go 0 5 >. 0

00

77 BUNING 2 79 BURNING

AREA

0 101

POB40-03

-4*1- * +P964119-02

@105 106 107 *ice

* SURFACE SOIL SAMPLE LOCATION (PBS-g¶ -01)

o SUBSURFACE SOIL SAMPLE LOCATION (P9S-91 -109) FIGURE 6-24
+. SOILBORING LOCATION (1S088401) INTERPRETIVE PB DISTRIBUTION
[Q APPROXIMATE SIZE OF CONCRETE BURNING PADS IN SURFACE SOILS

NOTE: SAMPLE LOCATIONS41 THROUGH 48 ARE LOCATED OFF THE AT THE RACETRACK AREA
GRID INTHE CONrAMPATED WASTE AMEA(FIGURE 6-6). PROPELLANT BURNING GROUND

SOUP=E: MODIFIED FROM FIGURE 4-12 OF TSAI ET AL..,1I66
SCALE 01 FEET REMEDIAL INVESTIGATION

0--m BADGER ARMY AMMUNITION PLANT160 2400ABB Environmnental Services, Inc.
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* SURFACE SOL SAMPLE

CONCENTRATIONS

0~ L iloomo ¶

PS 18OCONCEN1RATION LIJES ARE
DASHED V"ERE WrERPAETIVE.

FIGURE 6-25
INTERPRETIVE PB DISTRIBUTION IN SURFACE SOILS

AT THE CONTAMINATED WASTE AREA
___IMT CAEINFE PROPELLANT BURNING GROUND

Sour Moliadfr~fl T~, t*. gi.REMEDIAL INVESTIGATION
0 ISO 300BADGER ARMY AMMUNITON PLANT

9201060M2 -ABB Environnmenal Services, Inc.-
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LEGED<CRL SCALE IN FEET S

010 SURFACE SOIL SAMPLE LOCATION (PBS-91-01) 0 100 200

1000 SUBSURFACE SOL SAMPLE LOCATION (POS-91-109) FIGURE 6-26
[-] APPROXIMATE SIZE OF CONCRETE BURNIG PADS INTERPRETIVE TCLP PB DISTRIBUTION IN

CR- CERTIFED REPORTIG LIMI SURFACE SOILS AT THE RACETRACK AREA
PROPELLANT BURNING GROUND 0

"NOTE: SA4PLE LOCATIONS 41 THROUGH 48 ARE LOCATED OFF THE
GRI , TI• E COTAMINATED WASTE AREA (FIGURE 6-5). REMEDIAL INVESTIGATION

SOURCE: MOOFIED FROM FIGURE 4-12 OF TSAI ET AL., M. BADGER ARMY AMMUNmON PLANT
92O0O6401 4 ABB Envimnmental Services, Inc.
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APPROXIMATE BOUNDARY OF
CONTAMINATED WASTE AREA

PWmS-91-41 0

I \\

W851 Pi w 40.N 1

P2B9-4I-4

PIT AREA

1949 //s 9"

Winle Pit No. 2

• • asle Pit No. 3

CONCENTRATIONS

c< 5000 W/L, CRL

-' CRL

Decontairunation
Oven APPROXIMATE LOCATION

CD) OF FORMER DISPOSAL SITE

0 SURFACE SOIL SAMPLE
CRL - CERTIFIED REPORTING LIMIT

FIGURE 6-27
INTERPRETIVE TCLP PB DISTRIBUTION IN SURFACE SOILS

IN ThE CONTAMINATED WASTE AREA
APPMOXTE SCALE IN FEET PROPELLANT BURNING GROUND

REMEDIAL INVESTIGATION
o Iso 300 BADGER ARMY AMMUNITION PLANT
Scurm: Male~d *ram TOM. oa'.. 1968.
, oABB Environmental Services, Inc.
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GROUND P8B-O1 PBB-91 PBB-91

0- SURFACE -04 -05 -06

...... ...... ......... .............

20

.................................... ................................................. ........................ ........... *...........

40-

LL

s o . ........... ..... ..... ... ................ .... ............. .. .....

1 0 .................................... ......... ..... ............ .....

.. ...................... .... .-. ...... .. ..... . ......

100pp

1.0 to100 ppm

K" NO Io 1.0 ppmn
________ I_ FIGURE 6-29

NOTE: INTERPRETIVE C6H-6 CONCENTRATIONS IN
1. SEE TAD3LE 616 AND APPENDIX K SUBSURFACE SOILS

FOR CHEMICAL DATA SUMMARY. PROPELLANT BURNING GROUND WASTE PITS
REMEDIAL INVESTIGATION

BADGER ARMY AMMUNITION PLANT
- 92004W IABB Environmental Services, Inc.-
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GROUND PRB-Ol PBB-91 PBB-91
0- SURFACE -04 -05 -06

20

40

I-I

Lu

0.

s o . .. ... .. .. .... ..... .. .. .... .. .... .. . ... . .. .. . ... .. .... ... ... .. . .. .

1 00 ..... ............... ..... .. ........... . . .......... ....... .... ........ ....

. . . . . . . . . . . . . . . . . . . ..I . .... .... .... . . .. .. ... .. .. ....

TRCLE CONCENTRATION

:.10 Ipprn

ND to 1.0 ppmn
______________FIGURE 6-30

NOTE: INTERPRETIVE TRCLE CONCENTRATIONS IN
1. SEE TABLE 6-16 AND APPENDIX K SUBSURFACE SOILS

FR CHEMICAL DATA SUFtARY. PROPELLANT BURNING GROUND WASTE PITS
REMEDIAL INVESTIGATION

BADGER ARMY AMMUNITION PLANT
2284 2 ABB Environmental Services, Inc.__



GROUND P98491 P131-91 P9B-91

0- SURFACE -04 -05 -0 S

............................... ..... ................... ..................................... ...............

40

IL

z 60........................... ......... .......... .......

CL

10

TOTAL DNTs CONCENTRATION

2"~ 100.000 ppm

- 10.000 10 100.000 ppm

1,000 10O.O000p w5

ND to 1,000 pwI FIGURE 6-31
NOTE:INTERPRETIVE TOTAL DNT CONCENTRATIONS

1. SEE TABLE 6-16 AND APPENDIX K ISU URAESOILS
MOR CHEMICAL DATA SUMMARY. PROPELLANT BURNING GROUND WASTE PITS

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITON PLANT

. 22004M ABB Environmental Services, Inc.-
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ESTIMATED EXTENT OF CCL4 PWME.
DASHED WHERE APPROXIMATED.

NOTE:
1. BASE MAP FROM 300 SCALE SITE TOPOGRAPHIC

PLAN PROVIDED BY OLIN CORPORATION. 0 0

* 0

FIGURE 6-330
INTERPRETIVE

SP 4 PLAN VIEW OF CCL4 PLUME
PROPELLANT BURNING GROUND,

LANDFILL 1,
SETTUNG PONDS AND 0

SPOILS DISPOSAL AREA
REMEDIAL INVESTIGATION

BADGER ARMY AMMUNITION PLANT
ABB Envirornental Services, Inc.-
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TABLE 7-5
SummRY OF MoNrroRING WELLs LOGGED WITH BoREHOLE GEoPHYsIcs -

DETERRENT BuRNwING GROuNO/ExlSTING LANDFILL

REMEDIAL INVESTIGATION

BADGER ARMY AMMUNmON PLANT

TAPPROXIMATE

BOiNG DEPTH DEPTH To WATER
F Top OF FROM TOP OF
PVC RtSER PVC RisER DATE DATE

SITE/WELL NO. ) (feet) LOGGED INSTALLED DRILUNG METHOo

1. DBN-89-04B 190 141 05/09/89 02/07/89 Dual-wall driven casing

2. DBM-82-02 154 135 05/10/89 03/20/82 Mud rotary
3. DBN-89-02B 152 107 05/10/89 02/02/89 Dual-wall driven casing
4. ELM-89-09 157 140 05/10/89 04/13/89 Hollow-stem augers
5. ELN-89-02B 181 142 05/10/89 04/18/89 Dual-wall driven casing

6. ELM-89-03 151 138 05/11/89 01/25/89 Dual-wall driven casing
7. ELN-89-06B 182 130 05/11/89 04/04/89 Dual-wall driven casing
8. DBN-82-01C 169 128 05/11/89 03/22/82 Mud rotary

*DBN-89-04B 190 141 05/11/89 02/07/89 Dual-wall driven casing

9. ELN-82-02C 164 138 05/14/89 04/02/82 Mud rotary
10. ELN-89-04B 200 149 05/14/89 04/03/89 Dual-wall driven casing
11. ELN-82-03C 177 148 05/14/89 03/24/82 Mud rotary
12. ELM-89-08 147 127 05/14/89 04/01/89 Hollow-stem augers

*DBM-82-02 154 135 05/14/89 03/20/82 Mud rotary
*DBN-89-02B 152 107 05/14/89 02/02/89 Dual-wall driven casing
*ELM-89-09 157 140 05/14/89 03/01/89 Hollow-stem augers
*ELN-89-02B 181 142 05/14/89 04/18/89 Dual-wall driven casing

Nowe*:

* Wells were relogged as part of the Quality Assurance/Quality Control Procedures.
PVC = polyvinyl chloride

W0039213T.7/5



TABLE 7-6
WELLS INCLUDED IN GROUNDWATER SAMPLING t-OGRAM

DETERRENT BURNING GROUND/EXISTING LANDFILL

REMEDiAL INVESTIGATON
BADGER ARMY AMMUNITION PLANT

SITES NEw WELLs j ExIsTING WELLS

Deterrent Burning Ground DBM-89-01 DBM-82-01
DBN-89-02A,B DB.P-82-02
DBM-89-03 DBN-82-01B,C
DBN-89-04A,B S1122
DBM-89-05

Subtotal 7 5

Existing Landfill ELM-89-01 ELN-82-01A,B,C
ELN-89-02AB ELN-82-02A,B,C
ELM-89-03 ELN-82-03AB,C
ELN-89-04A,B ELN-82-04A,B,C
ELM-89-05 S1134
ELN-89-06B S1135
ELM-89-07 S1153
ELM-89-08
ELM-89-09

0 ELN-91-07A, B
ELM-91-10

Subtotal 14 15

TOTAL WELLS 21 20

Note.:

AB,C,D - Shallowest to deepest: A indicates shallowest well; D indicates deepest well in a well rest.

W0039213T.7/6
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TABUE 7-8
ELEVATION OF GLACIOLACUSTRINE UNIT -

DETERREN BURNING GROUND/EXISTING LANDFILL
p

RE•EAL INVESTAnON
BADGER ARMY AmmuNmoN PLANT

GROUNDWATER SCREEN LACUSTRINE SILT AND CLAY
WELL ELEVATION' ELEVATION ELEVATION AND COMMENTS

DESIGNATKIN FT. MSL FT. MSL FT. MSL
DBM-89-01 780.14 788.6 to 768.6 767 to 775, silt with clay, some

fine sand

DBN-89-02A 777.04 785.3 to 765.3 780 to 772, stratified silt, clay and

DBN-89-02B 776.94 739.8 to 734.8 sand

DBM-89-03 777.00 783.4 to 763.4 No silt and clay, silty sand above
gravel at elevation 790

DBN-89-04A 780.25 782.5 to 762.5 752 to 748, silt and clay above

DBN-89-04B 776.79 735.9 to 730.9 s and gravel

DBM-89-05 783.89 790.9 to 770.9 773, clay at bottom of boring

DBM-82-01 -777.08 763.7 to 743.7 777 to 754, silty clay above fine to
coarse sand

DBM-82-02 780.56 782.3 to 762.3 783 to 763, silty clay and fine
sand

S1122 777.12 780.6 to 760.6 778 to 767, clayey silt with some
fine sand and gravel

DBN-82.01 B 777.06 748.2 to 746.2

DBN-82-01C 777.13 739.7 to 737.7

ELN-91-07A 774.88 779.5 to 769.5 No silt and clay, only gravelly

ELN-91-07B 776.90 758.9 to 748.9 soils at depth

ELM-91 -10 777.11 781.8 to 766.8 Below 766.2 clayey sift with fine

sand at bottom of boring

ELM-89-01 778.05 775.0 to 755.0 760 to 765, clayey silt above sand
and gravel

ELN-89-02A 776.88 780.4 to 760.4 779 to 769, stratified clayey silt
with fine sand

ELN-89-02B 776.24 744.5 to 739.5 withfinesand

ELM-89-03 777.00 784.0 to 764.0 No silt and clay, fine-medium

sand lenses at 754 to 744

ELN-89-04A 776.86 782.1 to 762.1 No silt and clay, fine sand above

ELN-89-04B 776.06 730.8 to 725.8 gravel at 745

ELM-89.05 777.47 785.2 to 765.2 No silt and clay, bottom of boring
at 758

ELN-89-06B 776.73 729.1 to 724.1 No silt and clay, fine sand over

S1153 777.07 gravel at 776

W0039213T.7/9



oontinued

TABLE 7-8
ELEVATIOm OF GLAcKLocusmaw UNIT -

DETmi-r. BuRNING GROUNw/EXiSTiNG LowFiLL

REMEDAL kvMSTGATON
BADGER ARMY AMwmUmoti PLANT

GROUMWAW.R SCREEN LACUSTRINE SILT AND CLAY
WELL ELEVATIO* ELEVATIO ELEVATON AND ComMETS

DESIGNATION Pr. MSL FT. MSL FT. MSL

ELM-89-07 776.22 783.4 to 763.4 No silt and clay, only gravelly
soils at depth

ELM-89-08 776.97 778.0 to 758.0 No silt and clay

ELM-89-09 779.21 784.6 to 764.6 No silt and clay, bottom of boring
at 760

ELN-82-01A 777.82 780.5 to 770.5 773 to 771, clayey silt at bottom
of baring

ELN-82-018 777.76 760.6 to 758.6 o

ELN-82-01C 777.44 751.0 to 749.0

ELN-82-02A 777.39 781.8 to 771.8 749 to 751, silty clay observed in

ELN-82-02B 777.43 764.7 to 762.7 bottom of Deep C well

ELN-82-02C 777.41 753.1 to 751.1

ELN-82-03A 777.28 780.2 to 770.2 772 to 770, silty clay observed at

ELN-82-03B 777.11 761.1 to 759.1 bottom of boring

ELN-82-03C 777.11 751.0 to 749.0

ELN-82-W4A 778.09 780.4 to 770.4 Silt and clay at elevation 771 in
Warzyn cross section (Warzyn,

ELN-82-04B 777.83 758.5 to 756.5 1982)

ELN-82-04C 777.27 750.2 to 748.2

Ho~ag:

* Groundwater elevations measured on December 15, 1991
FT MSL feet, mean sea level

(
W0•c392I3T.? 1O



TABLE 7-9
VERTICAL GROUNDWATER GRADIENTS -

DETERRENT BURNING GROuND/ExisTG LANDFIU.

REMEDIAL INVESTIGATO
BADGER ARMY AMMUNITION PLANT

WATER LEVEL COMMENT
DIFFERENCE (Fr.)/SCREEN VERTICAL GRADIENT (WATER LEVEL

WELL NEST SEPARATION (FT.) 4  AND DIREcTON (FT/FT) DIFFERENCE)

DBN-89-04A and B' 3.46/40 0.09d2  Substantial

DBN-89-02A and B 0.10/37 0.003d3 Small

S1 122 and DBN-82-01B 0.06/22 o.003d Small

DBN-82-O1B and C 0.07/10 0.007u Small

ELN-91-07A and B 0.02/23 0.0009u Insignificant

ELN-89-02A and B1  0.64/27 0.02d

ELN-89-04A and B 0.80/44 0.02d

ELN-89-06B and S1153 0.34/49 0.008d

ELN-82-01A and B 0.06/16 0.004d Small

ELN-82-01 B and C1  0.32/9 0.04d

ELN-82-02A and B 0.04/14 0.003u Insignificant5

ELN-82-02B and C 0.02/11 0.002d Insignificant

ELN-82-03A and B1' 0.17/15 0.01d Small

ELN-82-03B and C 0.00/10 0.00 No Difference

ELN-82-04A and B 0.26/18 0.01d

ELN-82-04B and C' 0.56/8 0.07d

Not"s:

SIndicates well nest clearly screened across fine-grained lacustrine soils

2 d = downward gradient
3 u = upward gradient
SAll measurements based on December 15, 1991 water level measurements.

Both wells are above the glaciolacustrine unit

Water level differences were concluded to be insignificant at less than 0.05 ft.

Water level differences were concluded to be small at less than 0.2 ft.

'NOc3G23T. 7' 11



TABLE 7-10
FIELD HYoRAUUC CohoucTrrvY TEST RESULTS -
DETERRENT BUmG GROUND/EXISTNG I.ANFILL

REEIAL STITION
BAoG.R ARMY AwAUNmON PLANT

MAXIMUM WATER HYDRAUIC
WELL LEVEL DEPRESSION CONDUCTIVrTY

DESIGPATION (PEr) (CM/SEC) GEoLoGic CoNDmoNs

DBM-89-01 1.5 3x10 2  Fine sand (SP) over silt
and clay (ML)

DBN-89-02A 1.4 8x10 2  Sit and clay (CL-ML) over
gravel (GP)

DBN-89-02B 2.5 1x10-1 Gravel with sand (GP)

DBM-89-03 0.9 1x10" Gravel with sand (GW-GP)

DBN-89-04A 2.0 3x10"2  Fine to medium sand with
gravel (SP)

DBN-89-04B 2.2 5x10"2  Gravel with sand (GP)

DBM-89-05 3.4 6x10"3 Fine to medium sand (SP)

* DBM-82-01 2.9 7x10 3  Silty clay and fine to
coarse sand (CL-SP)

ELN-91-07A 1.8 5x10z Medium coarse sand with
gravel (SW)

ELN-91-07B 6.5 2x10"2  Coarse to fine sand (SW)

ELM-91 -10 1.5 2x10 2  Medium fine sand (SP)

ELM-89-01 3.6 8X103 Medium sand and silty
sand (SP-SM)

ELN-89-04A 2.4 4x10"2  Find sand with little gravel

(SP)

ELN-89-04B 7.0 1x10"' Gravel with little sand (GP)

ELM-89-05 2.4 1x1002  Sand with gravel (SP-SW)

ELM-89-06B 8.0 5x1 02 Well graded gravel over
fine sand (GW-SP)

ELM-89-07 1.2 Ilx10" Medium to fine gravel with
some coarse sand (GP)

ELM-49-08 2.0 4x10 2  Sand with gravel (SP-GB)

( WG039213T.7/7
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continued

TAKA 7-10
FlELD HinAwuc Coetlcrlvrrv TEST REsuLTs -

DETERRENT SuRN~am GnoUND/ExtsinmG LANDIiLL

REM31EDIAL INVESTIGATION
BAe A~mv AwmfmmO PLANT

MAXIMUM WATER HVDRAUUIC
WELL LEE DEPESIO CONDUCrwTY

DESIGNAno (1EE1) (Cu/sEC) Gea cCoNoMOuis

ELM-89-09 2.3 3XIO-2  Sanld (SP)

ELN-82-03C 5.1 6XO1& Coarse to fine sand (SP)

ELN-82-04A 1.1 3x1O*4 Medium fine sand (SM)

S1153 2.2 5X,0-3  Medium fine sand, some
_______________ ___________ _________ gravel (SW-SM)

Hydraulic Conductivity Teats completed during March andl November, 1969. and November and December 1991.

Field data and calculations are presented in Appendix 1.

Values for hydraulic conductivities represent an averaged value of multiple tests performed on each well.

Water level recovery at thes wells impacted by inertial effects, resulting in water level recovery above static water levels. Hydraulic
conducivt measurements may be greater than the calculated values at these wells.

cm/sec - centimeters per second

W0039213T.7/8



TAuLE 7-11
OIwTAmOorrL GROUNDWATER GRA.mS -

DETERRENT BuRmmNG GnOUNO/EXISTNG LAFIULL

REMENAL INVESTIGATMN
BADGE ARMY AMMUITIOm PLANT

IHoRizoNAL GRADIENT'
WELL NEST ANM DIREr0CT (FT/FT) COMMENT

DBM-82-02 0.004 Above lacustrine sit; northeasterly flow vector
ELM-89-09

DBM-89-05 0.005 Above lacustrine sit; northeasterly flow vector
ELM-89-01

DBN-89-04A 0.003 Above lacustrine silt; northeasterly flow vector
ELN-82-04A

ELM-89-09 0.002 Above lacustrine silt; easterly flow vector
ELN-82-O3A

ELM-89-08 0.00005 Below lacustrine sift; east-southeasterly flow
ELN-91-078 vector

ELN-82-03C 0.0008 Below lacustrine silt; east-southeasterly flow
ELN-89-06B vector

Notes:

1 All gradients based on December 15, 1991 water level measurement.

4t/tt = feet per toot

D

D

W0039213T.7/12



I'oil

a1

CDI Lu

au C

- D

60 " 8
P- ~ Z 6

WN&0O a

p 
'C

7C V,, 
0 g

o 6 444 - 4

Iw ; - § C

IC n i II

C C4

I - I

li -1 .s .

g - 0

91



SE I

aad

IEgl

<u z W2 _Z9

LIJ 0
0C

L-u

Z .

L6 m --

m '4-

A

c o *1

IK'
0U

CoC

C-QwU< u. S

uC >

A A IdI >P



Ica

61

64

5 C

r- 0 C

-j4

Ii- -

u P

5zz 1

WU

0 0 2i W.

U -r' Owwz

*Z 1

o6
.2

<.IJ ~ li I II I I I g I ~ I
6I

,;~~ a. f
.= i U~

!(A JA >'U



'I

SOnia.;

2w 1111111 ig E- s

mic
0

Z0.

0 C4

C9 0 cc'

zj:o cs 0

w 0 W - . A

(A A

5: 209

ri ric

00L -- V. eI

0< 0Z
w L6C

z Z,6
16 2z~~

I >~
ICA ý I



c I

0 In
ES

.0:

12 0

LUU

-z

0 9

..w A.



fr--

MI

0

D E- V

- a.-

LLc- c

-c& o

HUES!:
=.-!

JA NI N

00! 0 0



TABE 7-13
SUMMARY OF TCLP METALS DATA FOR SUBSURFACE SOIL -

DETERRENT BURNING GROUND

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

TCLP LEACHATE CONCENTRATION (mg/1)

SAMPLE DEPTH CD CR PB HG NOTES
LOCATION

TCLP RL1  1,000 5,000 5,000 200

Minimum 6.8 16.8 43.4 0.1
Reporting Value

DBB-91 -01 2 LT LT LT 0.9 TCLP RL not exceeded

DBB-91 -01 4 LT LT LT LT TCLP RL not exceeded

DBB-91 -01 6 LT LT LT 0.2 TCLP RL not exceeded

DBB.91-01 8 LT LT LT 0.3 TCLP RL not exceeded

DBB-91-01 10 LT LT LT LT TCLP RL not exceeded

DBB-91-01 15 LT LT LT LT TCLP RL not exceeded

DBB-91 -01 20 LT LT LT LT TCLP RL not exceeded

DBB-91 -01 25 LT LT LT LT TCLP RL not exceedec

DBB-91 -01 30 LT LT LT LT TCLP RL not exceeded

DBB-91-01 42 LT LT LT LT TCLP RL not exceeded

DBB-91 -01 44 LT LT LT LT TCLP RL not exceeded

DBB-91 -01 52 LT LT LT LT TCLP RL not exceeded

DBB-91 -01 72 LT LT LT LT TCLP RL not exceeded

DBB-91 -01 92 LT LT LT LT TCLP RL not exceeded

DBB-91-01 112 LT LT LT LT TCLP RL not exceeded

DBB-91-01 117 LT LT LT LT TCLP RL not exceeded

DBB-91-02 4 LT LT LT LT TCLP RL not exceeded

DBB-91-02 6 LT LT LT LT TCLP RL not exceeded

DBB-91-02 8 LT LT LT LT TCLP RL not exceeded

DBB-91-02 10 LT LT LT LT TCLP RL not exceeded

DBB-91-02 14 LT LT LT 0.8 TCLP RL not exceeded

DBB-91-02 16 LT LT LT LT TCLP RL not exceeded

DBB-91-02 20 LT LT LT LT TCLP RL not exceeded

DBB-91-02 27 LT LT LT 0.2 TCLP RL not exceeded

WVC)39213T.7/15



continued

TAmLE 7-13
SUMMARY OF TCLP METALS DATA FOR SUBSURFACE SOIL -

DETERRENT BuRNING GRoUND

REMeIAL INVESGATmON
BADGER ARM AMMUNmON PLANT

TCLP LEACHATE COMCNATnON (pg/j)

SAMPLE DEmTH CD CR PB HG NOTES
LOCATON

DBB-91 -02 42 LT LT LT 0.2 TCLP RL not exceeded

DBB-91 -02 62 LT LT LT 0.8 TCLP RL not exceeded

DBB-91-02 72 LT 21.8 LT 0.3 TCLP RL not exceeded

DBB-91-02 92 LT LT LT LT TCLP RL not exceeded

DBB-91 -02 112 LT LT LT LT TCLP RL not exceeded

DBB-91-02 122 LT LT LT LT TCLP RL not exceeded

DBB-91-03 4 LT 35.9 LT LT TCLP RL not exceeded

DBB-91-03 8 LT LT LT LT TCLP RL not exceeded

DBB-91-03 12 LT LT LT LT TCLP RL not exceeded

DBB-91 -03 14 LT LT LT LT TCLP RL not exceeded

DBB-91-03 16 LT LT LT LT TCLP RL not exceeded

DBB-91-03 18 LT LT LT LT TCLP RL not exceeded

DBB-91 -03 20 LT LT LT LT TCLP RL not exceeded

DBB-91 -03 22 LT LT LT LT TCLP RL not exceeded

DBB-91-03 27 7.9 LT LT LT TCLP RL not exceeded

DBB-91-03 42 LT LT LT LT TCLP RL not exceeded

DBB-91-03 62 LT LT LT LT TCLP RL not exceeded

DBB-91-03 82 LT LT LT LT TCLP RL not exceeded

DBB-91-03 102 LT LT LT LT TCLP RL not exceeded

DBB-91-03 122 LT LT LT LT TCLP RL not exceeded

TCLP Regulatory Levels (RLs) exist for the following metals: AS, BA, CD, CR, SE, PB, HG, and AG. However, these results were
reported only for CD, CR, PB, and HG. (List of USATHAMA Chemical Codes for definitions of chemical abbreviations).

W0039213T 7/16
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TABLE 7-17
COMPOUNDS OF POTENTIAL CONCERN

DETERRENT BURNING GROUND
SUBSURFACE SOIL1

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

EXPOSURE POINT CONCENTRATION

COMPOUND Ag/g

24DNT 37,000

26DNT 1,400

3NT 6.9

AS 7.88

B2EHP 4.35

C6H6 5.25

CR 13.2

DNBP 62

FANT 0.139

MEC6H5 0.138

NI 10.2

NIT 18.7

NNDPA 2,200

PHANTH 0.183

PYR 0.144

S04 5.19

TXYLEN 0.001

ZN 26.7

Notew:

Exposure point concentration is the maximum detected concentration.
pg/g = milligrams per gram, equivalent to parts per million (ppm)

Assessment of subsutrace soil contamination (2 to 12 feet) was pencrmed using samples from borings
DBB-91-01 through DBB-91-03.

V0033217T7/1 7



TAhKE 7-18
SUMMARY OF RisK ESTImATES
DETERRENT BURNING GROUND

REmEDiAL INVESTIGATION
BADGER ARMY A14MUNITION PLANT

CANCER HAZARD
EXPOSURE SCENARIO EXPOSURE ROUTE RISK INDEX

Future Construction Worker Soil Ingestion Ixi 0" 0.2

Inhalation of Particulates 4x10' 0.000009

Total for Construction Worker lxI04 0.2

W0039213T.7/18
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Well No. 4

I L -- ,1~-

DETERRENT

DB84141

DBN4241 UsC

LEGEN= . u.o i 1(l
IEIII-I.IjLLOCATION AND OESIIKNTIION OFWSINGLE M N G WmL NOTES:

. 4 CI LOCATION AND ODESGMTION OF 1. BASE PLAN FROM 300SCALE SITE PLAN
MOMgynp M IMI, NEST PROVIDED BY OLIN CORPORATION.

2. LOCATIN OF S2 SERIES ANO $1100 SERIES
DM4-142_ LOCATION AND DEUGlmT OF ONIToRING WELLS BASED ON MEP (TSAI. 196).

- SOL BOS 3. LOCATION OF 0P AND 91 SERIES EXPLORATMONS
BASED ON VIERBICHER SURVEY DATA
(APPENDX F).

SCALE IN FEET

0muo am
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mmAN MEP (TSAI. 10"3. SOIL LOCATION P1
91SERIS EXPUDATI(M SOI BORING AND MONITORING WELL LOO

SVY DATA DETERRENT BURNING GROUND AN4D EXIISTING Li
REMEDIAL INVE!"

BADGER ARMY AMMUNITIOl
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FIGURE 7-1
SITE LOCATION PLAN AND

SOIL BORING AND MONITORING WELL LOCATIONS
DETERRENT BURNING GROUND AND EXISTING LANDFILL

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

-AM Enonmygf SerAics, inc.----
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ill! 11,1962

LEG=N NOTES:
A'"' TOP EDGE OF SLOPE 1. BASE PLAN FROM W00 SCALE SITE PLAN

fflv~n PROVIDED By OLIN CORPORATION.
ARE OF ACTIVITY CHRONOLOGICAL EVOLUTION BASED ON

AIRPHOTO W4TERPRETATION. SEE
ACCES ROADSECTION 7.1.
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GO INTERPRETED DETERRENT SLIRNINfG PIT
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Octobr 31, 1949 June 28, 1955

TIk Taunwx~

June ,19MAprffl24, 1974
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CHRONOLOGICAL EVOL

THE DETERRENT BURNING
REMEDIIAL INV

BADGER ARMY AMAMUN
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2,1968 Aprdl 24, 1974

FIGURE 7-2
CHRONOLOGICAL EVOLUTION OF

THE DETERRENT BURNING GROUND
REMEDIAL INVESTIGATON I

BADGER ARMY AMMUNITION PLANTJ
SEnvironmental Services, Inic.



DETERRENT + S44

BURNINGI

DOB42-W 4 i12

-O 2-

DU~a L~OCATIGH AND ONAKTMC OF I. BASE PLAN FROM 300-SCALE SITE PLAN
EXISTISM 10NTC01140 WELL PROVIDED BY OLIN CORPORATION.
088441 LCATIN AN DESMTIO OF LOCATION OF BORINGS AND MONITORING

+ OC IXT MBRN WELLS FROM MEP (TSAI. IM).

SCALE IN FEET
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D.SCALE SITE PLAN
POAPORATION.
GS AND MONITORNG
SAL, 198M.

LOCATION OF PREVIOUS EXPLO
DETERRENT BURNING GROUND AND EXISTING

REMEDIAL INVESq
BADGER ARMY AMMUNITI

AB EnvironmentalS
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FIGURE 7-3
LOCATION OF PREVIOUS EXPLORATIONS 0DETERRENT BURNING GROUND AND EXISTING LANDFILL

REMEDIAL INVESTIGATION

BADGER ARMY AMMUNITION PLANT

ABS Envionmental Services, Inc.
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4V TOP EDGE OF MLO M 1. BASE PLAN FRO 300 SCALE SITE PLAN
PRIOVIDED BY OLIN CORPORATION,

ACCESS RO0AD L. CHRONOLOGICAL EVOLUTION BASED

41 MOUNDED MATERIAL ON AIR-PN'OTO INTERPRETATION. SEE

REFUSESECTION 7. 1.
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EXISTING DETERRENT BURNING
GROUND DEPRESSION
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I.. ~ ~DETERRENT +51i

BURMMNG j
GROUN tme4

LOCATMN AM OEUSNATION OFF

MKOWMIREIN0 VWU. NM

D341 U* OCTM AMC DUW.M11ON OFNOE

APP~A LOCTIoN OFamwoomos 1. IBS PLAN FRO0M 300-SCALE SITE PLAN
S~cnamPROVIDED BY OUN CORPORATION.

L GEOLOGIC CR068 SECTIONS ARE PRESENTED
ON FIGURES 7-8 THROUGH 7-13.
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FIGURE 7-7
LOCATION AND ORIENTATION OF GEOLOGIC

CROSS SECTIONS
DETERRENT BURNING GROUND AND EXISTING LANDFILL

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

A881 EnvkwmrwmSfl Services, Inc.
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TAB.E 8-1
HISTORY OF ACID SPILLS -

NEW AcID AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITICN PLANT

SPILL AMOUNT
DATE CAUSE MATERIAL (TONS) CONTROL

4/79 Tank leakage Oleum 47 Diked, neutralized

6/81 Tank overflow Sulfuric acid 0.4 Diked, neutralized

9/81 Tank seal failure Nitric acid 0.5 Diked, neutralized

10/81 Tank car leakage Nitrous acid 7.8 Diked, neutralized

6/82 Tank overflow . ý:furic acid 27 Diked, neutralized

6/82 Tank leakage Nitric acid <4 Diked, neutralized

10/82 Tank leakage Sulfuric acid 0.4 Diked. neutralized

11/84 Pipe failure Mixed acids 185 Recovered, diked,
neutralized

Source: Tsai et al., 1988.

W003921I3T.880\4
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TABLE 8-4
FIELD HvYrAuuc CoNoucnvnry TEST RESULTS -

NrrOGLYCERtNE PoND/ROCKET PASTE AREA/NEW ACiD AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNMON PLANT

MAXMUU WATER HVDAuuc 1
WELL LEVEL DEPRESSION CONUCTiVrTY

DESIGNATION (FEET) (CM/SEC) GEOLOGIC CONDmoNs

RPM-89-011  1.3 2x10' Medium to coarse sand
and medium to coarse
gravel (SP-GP)

RPM-89-02 1.7 1x10"1  Fine to coarse sand with
little gravel (SP)

Notee:

Hydraulic Conductivity Tests completed during March and November, 1989. and November and December 1991.

Field data and calculations are presented in Appendix I.

Values for hydraulic conductivities represent an averaged value of multiple tests performed on each well.

Water level recovery at these wells impacted by inertial effects, resulting in water level recovery above static water levels.
Hydraulic conductivity measurements may be greater than the calculated values at these wells.

cm/sec = centimeters per second

I

I)

W0039213T.880\9
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TAKE 8-5
WELLS INCLUDED IN GROUNDWATER SAMING PROGRAM -

NrmoGLYcERNE PoNO/ROCKET PASTE AREA/NEW ACID AREA

REMEDIAL INVESTIGATION
BADER ARMY AmmuwmoN PLANT

SITES NEw WELLS ExiSnNG WELLS

Nitroglycerine Pond and Rocket RPM-89-01 S1118
Paste Area RPM-89-02 $1119

RPM-91-01 S1120
NPM-89-01 S1124

S1125
S1150

Subtotal 4 6

New Acid Area NAN-81 -01A
NAN-81 -02B
NAN-81-03B,C
NAN-81 -04B,C

Subtotal 0 6

Magazine Area S1115
S1116

Subtotal 0 2

Southeastern/Eastern Boundary S1110
S1111
S1112
S1113
S1114
S1121

Subtotal 0 6

TOTAL WELLS 4 20
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TABUE 8-12
TCLP METALS DATA SUMMARY
CONCENTRATION IN SEDIMENT -

NITROGLYCERINE POND/ROCKET PASTE AREA/NEW AcID AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

TCLP LEACHATE CONCENTRATION (uig/)

SAMPLE LOCATION CD CR PB HG

TCLP RL1  1,000 5,000 5,000 200
Minimum Reporting Value 6.8 16.8 43.4 0.1
NPS-89-01 NT NT NT LT
NPS-89-02 NT NT NT 0.3
NPS-89-03 NT NT NT LT
NPS-89-04 NT NT NT LT
NPS-89-05 NT NT NT LT
NPS-89-06 NT NT NT LT
NPS-89-07 NT NT NT LT
NPS-89-08 NT NT NT LT
NPS-89-09 NT NT NT LT
NPS-89-10 NT NT NT LT
RPS-90-01 LT LT 4,378 NT
RPS-90-02 LT LT 3.806 NT
RPS-90-03 LT LT 26,480 NT
RPS-90-04 LT LT 427 NT
RPS-90-05 LT LT NT NT
RPS-90-06 LT LT 1,011 NT
RPS-90-07 LT LT 728 NT
RPS-90-08 LT LT NT NT
RPS-90-09 LT LT 368 NT
RPS-90-10 8 LT 7,449 NT
RPS-90-11 LT LT 541 NT
RPS-90-12 LT LT 4,75E NT
RPS-90-13 LT LT 1,081 NT

RPS-90-14 LT LT NT NT
RPS-90-15 LT LT N- NT
RPS-90-16 LT LT 2: NT
RPS-91-17 LT LT LT

WOO392M13T.880\S



continued

TABLE 8-12

TCLP METALS DATA SuMMARY
CONCENTRATION IN SEDMMENT -

NrmOGLYCEmNE POND/ROCKET PASTE AREA/NEW AciD AREA

REMEDiAL INVESTIGATION
BADaER ARMY AmmuNmON PLANT

TCLP LEACHATE CONCENMRATION (pg/l)

SAMPLE LOCATION CD CR PB HG

TCLP RL' 1,000 5,000 5,000 200

RPS-91-18 LT LT 1,660 LT

RPS-91-19 LT LT LT LT

RPS-91-20 LT LT 517 LT

RPS-91-21 LT LT 90 LT

RPS-91-22 LT LT LT LT

RPS-91 -23 LT LT 427 LT

RPS-91-24 LT LT 256 LT

RPS-91-25 LT LT 242 LT

RPS-91-26 LT LT 111 LT

* RPS-91-27 LT LT 170 LT

RPS-91-28 LT LT 91 LT

RPS-91-29 LT LT LT LT

RPS-91-30 LT LT 968 LT

RPS-91-31 LT LT 3,860 LT

RPS-9 1-32 LT LT 152 LT

RPS-91-33 LT LT LT LT

RPS-91 -34 LT LT LT LT

RPS-91 -35 LT LT 92 LT

RPS-91-36 LT LT LT LT

RPS-91-37 LT LT LT 0.1

RPS-91-38 LT LT 427 LT

RPS-91-39 LT LT 136 LT

RPS-91 -40 7.7 LT 305 0.2

RPS-91-41 LT LT LT LT

RPS-91-42 LT LT LT LT

RPS-91 -43 LT LT LT LT

W0039213T •80\6



continued

TABLE 8-12
TCLP METALs DATA SUMMARY
CONCENRMATION IN SEDIMENT -

NITROGLYCERINE POND/ROCKET PASTE AREA/NEw ACID AREA

REMEDIAL INVESTIGATION
BADGER ARMY AmMUNiTmO PLANT

TCLP LEACHATE CONCERATIN (pg/i)

SAwMPE LOCATION CD CR PB HG

TCLP RL' 1.000 5.000 5.000 200

RPS-91-44 LT LT LT LT

RPS-91-45 LT LT LT LT

RPS-91-46 LT LT LT LT

RPS-91-47 LT LT LT LT

RPS-91-48 LT LT LT LT

RPS-91-49 LT LT LT LT

RPS-91-50 LT LT LT LT

RPS-91-51 LT LT 95 LT

RPS-91-52 LT LT LT LT

RPS-91-53 LT LT LT LT

RPS-91-54 LT LT LT LT
RPS-91 -55 LT LT LT 0.1
RPS-91-56 LT LT LT LT

RPS-91-57 LT LT LT LT

RPS-91-58 LT LT LT LT

RPS-91-59 LT LT LT LT

RPS-91-60 LT LT LT LT

RPS-91-61 LT LT LT LT

RPS-91-62 LT LT LT LT

RPS-91-63 LT LT IT LT

RPS-91-64 LT LT LT LT

RPS-91-65 LT LT LT LT

W0039213"'.80\7



I
continued

TAKLE 8-12
TCLP METALS DATA SuMMARY

Co0XMAfMTMOI M SEDIMENT -
NITROGLYCERINE PONo/ROCKET PASTE AREA/NEW ACID AREA

REMEDIAL INVESTIGATION

BADGER ARMY AMMNITION PLANT

TCLP LEAcATe CON.NRATnON (pg/1)
SAMPLE LOCATIOM CD CR PB HG

TCLP RL2 1,000 5,000 5,000 200

RPS-91-66 LT LT LT LT

RPS-91-67 LT LT LT 0.1

RPS-91-68 LT 25 LT LT

Notes:

TCLP Regulatory Levels (RLs) exist for the following metals: AS, BA. CD, CR, SE, PB, HG, and AG However, these results
were reported only for CO. CR, PB, and HG. (List of USATHAMA Chemical Codes for definitions of chemical
abbreviations).

NT = Not tested
LT = Less than TCLP RL

W0039213T.880\8



TAK.E .6-13
COMPON OF POTEIMsn CONCERN

NITROGLYCERINE PON9

REMEDIAL INVESTmGTmON
BADGER ARMY AMMumno. PLANT

EXPOSURE POINT CONcENTRATION

COMPOUND OF SURFACE SOIL' POND SEDIMENT2 SURFACE WATER3

CONCERNg/g) (g/)
AL .... 3.02

AS -- 0.00543

BA 0.0631

CL -- 1.93

CR 40.5 --

HG 2.4 20 0.000325

MN - -- 0.207

NG 15.8 ..--

NH3 17.7 72.5 --

NH3N2 - - 0.147

PB 10,000 410 0.0459

S04 - -- 4.47

V. 0.00837

No"*:

- = Not identified as a compound of potential concern
Exposure point concentration is the maximum detected concentration
g/g = micrograms per gram; equivalent to parts per million (ppm)

mg/I = milligram per liter
Assessment of surface soil contamination was performed using samples from NPS-91-09 and NPS-91-10.

2 Assessment of sediment contamination was performed using samples from NPS-91-01 through NPS-91-08.
SAssessment of surface water contamination was performed using samples NPW-91-01 and NPW-91-02.

WO39213T.880\21
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TAmiA -14
SuMMARv OF RisK EsrAmTEs

NITROG.LYcERINE PoND

RFutEMEI IMMSTM2TWM
BADGER ARMY Almatmow PLAwr

ExposuRE ScENARIo ExPosum ROUME CAKCEA RisK HAZARD INDEX

Soil Ingestion ND 0.008

Current and Future Grounds
Maintenance Worker Inhalation of Particulates and Volatiles ND 0.000008

Total ND 0.008

Future Residential Soil Ingestion ND 0.1

Future Child Playing Ingestion of Sediment *ND 0.03

Ingestion of Surface Water 4x108 0.0006

0 Dermal Contact with Surface Water 4x10.) 0.0006

Total for Child Playing 8x10s 0.0312

Not•e:

ND = Not determined - cancer slope factors not available for compounds of potential concern.

WMK392!3T.A)\22



TABLE $-15
COMPOUNDS OF POTrurAi CONCERN

ROCKET PASTE AREA

REMEviAL ImmSnGATO
BADGER ARMY AMMuNm N PLANT

ExposuRE Pow ocNT ATioN

COMPOUND OF SURFACE SOIL' POND SEDIMEJNT2 SURFACE WATER3

24DNT 8.0 Ip
26DNT 32.5

BAANTR 0.666

BBFANT 2.13

BGHIPY 1.91

CHRY 1 ....

DEP 49.8 2.46 --

FANT 1.12 -

NG 1,500 1.76 --

NNDMEA 0.302 -

NNDNPA 0.23 -

NNDPA 10,000 4.98 --

PHANTR 0.279 ---

PYR 0.932 --

AL -- 3.14

AS -- 0.015

BA -- 0.29

BE 0.00219

CL - - 2.73

CR 109 45.7 0.0595

Cu - - 0.0791

HG 0.716 0.157 --

MN - - 0.503

NH3N2 0.0634

NI 0.0407

W0039213T.880\18
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II\ confnued

TAKE 8-15
CourouNos OF POTETmI.A CONCERN

ROCKET PASTE AREA

REMEDIAL INVESTIGATION
BA AR• AMMUNITION PLANT

EXPOSUR POINT CONCENTRATION

COMPOUND OF SURFACE SOIL1  POliO SEDIMENT 2  SURFACE WATER3

CONCERN (Pg/g) (Wg/9) (mg/2)

NIT 120 2.22 0.0105

PB 3,500 2.600 3.1

S04 22.9 210 35

V - - 0.0571

ZN 0.151

Note@:

-= Not identified as a compound of potential concern
*Exposure point concentration is the maximum detected concentration

g/g = micrograms per gram; equivalent to paris per million (ppm)
mg/f = milligrams per liter
1 Assessment of surface soil contamination (0 to 2 feet) was performed using samples from RPS-91-03 through RPS-91-68.
2 Assessment of sediment contamination was performed using samples from RPS-91-01 and RPS-91-02.
SAssessment of surface water contamination was performed using samples RPW-91-01 and RPW-91-02.

WOO392!3T.88O\ 19
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TA.E 8-16
SUwAARY OF RisK EST*MATES

RocKET PASTE AREA

REmEDUAL INVESTiGATON

BADGER ARMY AMMUNITION PLANT

I

CAMNER HAZARD
EXPOSURE SCENARIO EXPOSURE ROUTE RiSK INDEX

Sol Ingestion 2x10 5  0.04 p
Current and Future Inhalation of Particulates and Volatiles 7x10-9  ND
Grounds Maintenance
Worker

Total for Grounds Maintenance Worker 2x10 5  0.04

p

Future Residential Soil Ingestion lx10i 6.0

Future Child Playing Ingestion of Sediment 1x10 9  0.003

Ingestion of Surface Water lx10"7  0.002

Dermal Contact with Surface Water lxi0 7 0.002

Total for Child Playing 2x10,7 0.007

Notes:

ND Not determined - no toxicity factors available for compounds of potential concern.

S

Wl0392I]3T'.88O\20
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TABE 8-18
EcoLoGicAL CONTAMINANTS OF CONCERNA

NITROGLYCERINE POND

REMEDIA INVESiGATowT
BADGER ARMY AMUNTON PLANT

I

COMPOUND FREQUENCY EXPOSURE POINT CONCENTRATION,

Surface SoiI'

HG 1:2 2.4

NG 2:2 15.8 5

NH3 2:2 17.7

PB 2:2 10,000

Surface WaterD

AL 2:2 3,020

AS 2:2 5.43

BA 2:2 63.1

CL 2:2 1,930

FE 2:2 3,970 5

HG 2:2 0.325

MN 2:2 207

NH3N2 2:2 147

PB 2:2 45.9

S04 2:2 4,470

V 2:2 8.37

SedimentE

CR 8:8 40.5 S

HG 8:8 20

NH3 8:8 72.5

PB 8:8 410

A Constitutents selected based on criteria presented in Tables 0-18, 0-19. and 0-20 nnd discussed in Section 5.0.

* 95th percentile or maximum: units in /g/g (surface soil and sediment) and 1.g/1 (surface water).
Assessment of surface soil contamination was performed using samples from NPS-91-09 and NPS-91-10.

* Assessment of surface wate, contamination was performed using samples NPW-91-01 and NPW-91-02.
Assessment of sediment contamination was performed using samples NPS-91-01 and NPS-91-08.

(
W1XJ39213T.880\ 12
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TAKE 8-19
ECOLOGICAL CowrTm 'ETs OF CONCERNA

ROCKET PASTE AREA

REMEDiAL INVESTIGATION
BADGER ARmY AmMUNITiON PLANT

ExposuRE POINT

COMPOUND FREQUENCY CONCENTRATION,

Surface Soilc

24DNT 12:72 810

26DNT 10:72 32.5

BAANTR 4:72 0.666

CHRY 8:72 1

CR 66:66 109

DEP 37:72 49.8

FANT 20:72 1.12

HG 17:66 0.716

NG 42:66 1,500

NIT 65:66 120

NNDMEA 7:22 0.302

NNDNPA 5:72 0.23

NNDPA 58:72 10,000

PB 66:66 3,530

PHANTR 14:72 0.279

PYR 8:72 0.932

S04 17:66 22.9

Surface WaterD

AL 2:2 31,400

AS 2:2 15

BA 2:2 290

BE 1:2 2.17

CL 2:2 2,730

CR 1:2 59.5

CU 2:2 79.1

FE 2:2 31,700

W0039213T.80\ 10
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continued p

TAKLE 8-19
ECOLOGICAL CONTAMINANTS OF CONCERNA

ROCKET PASTE AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNiTION PLANT

ExPOSURE PoINT

COMPOUND FREOUENCY CONCENTRATIONa

MN 2:2 503

NH3N2 2:2 63.4

NI 1:2 40.7

NIT 1:2 10.5

PB 2:2 3,100

S04 2:2 35,000

V 2:2 57.1

ZN 2:2 151

SedimentE

CR 2 45.7

DEP 1 2.46

NG 1 1.76

NIT 2 2.22

NNDPA 2 4.98

PB 2 2,500

S04 2 210

Note":

A Constitutents selected based on criteria presented in Tables 0-16 and 0-17 and discussed in Section 5.0.

95th percentile or maximum: units in /g/g (surface soil) and 1ug/I (surface water).
C Assessment of surface soil contamination (Oto 2 teet) was performed using samples from RPS-91-03 through RPS-91 -68.
0 Assessment of surface water contamination was performed using samples from RPW-91-01 and RPW-91-02.

Assessment of sediment contamination was performed using samples from RPS-91-01 and RPS-91-02.

W0039213T.80\ I I
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TABLE 8-20
RIsK EVALUATION FOR AQUATIC RECEPTORS

NITROGLYCERINE POND

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

EXPOSURE POINT HAZARD

COMPOUND CONCENTRATIONA RTV2 UOTIENTc

Surface Water

AL 3,020 248 4

AS 5.43 153 0.035

BA 63.1 1,360 0.046

FE 31,700 1,000 31.7

CL 1,930 230,000 0.02

HG 0.325 0.012 27

MN 207 100 2.1

NH3N2 147 2,100 0.07

PB 45.9 3.2 14

S04 4,470 1,060,000 0.0042

V 8.37 200 0.042

Sediments

CR 40.5 100 0.41

HG 20 0.1 200

NH3 72.5 75 0.97

PB 410 50 8.2

Nos.:

A Analytical results presented in Tables 0-19 and 0-20 and summarized in Table 8-18.

Reference Toxicity Value (RTV) derived from available quality criteria and effects threshold levws as presented in Table 0-3.

Calculated by dividing the exposure point concentration by the RrV; values in excess of 1.0E+00 indicate that the
protective RTV was exceeded by environmental concentrations.

WfX)39213T"380\ 16
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TABLE 8-21
SUMMARY OF RISK EVALUATION FOR TERRESTRIAL RECEPTORS

NITROGLYCERINE POND

REmmAL INVESTIGATION
BAmEnR ARMY AmulUNmON PLANT

HAzARD INDICESA

RECEPTOR ACUTE RISK" CHmRONmIC RisKc

Short-tailed shrew 1.9E+04 3.8E + 05

Eastern meadowlark 4.3E + 02 4.8E + 02

Garter snake 9.3E + 02 7.4E + 03

Red fox 1.7E+01 1.3E + 00

Red-tailed hawk 5.0E+01 2.3E + 00

Note:

A Sum of the individual Hazard Quotients for each surface soil contaminant of concern; each HO calculated by dividing the

estimated exposure dosage by the Reference Toxicity Value (RTV). Hazard Quotients are presented in Appendix R.

Tables R-55 and R-56 for acute and chronic exposures, respectively.

Based on comparison with acute RTVs.

* C Based on comparison with chronic RTVs.

I

/I

W0039213T.880\1I7
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TAMLE 8-22
RIsK EVALUATION FOR AOUATIC RECEPTORS

ROcKET PASTE AREA

REMEDIAL INVESTIGATION
BADGER ARmY AMMUNITION PLANT

EXPOSURE POINT HAZARD
COMPOUND CONCENTRATIW RTr' QUOTIENTC

Surface Water

AL 31,400 748 41.9

AS 15 153 0.098

BA 290 1,360 0.21

BE 2.17 5.3 0.41

CL 2,730 230,000 0.029 S

CR 59.5 9.74 6.1

CU 79.1 2.27 35

FE 31,700 1,000 32

MN 503 100 5

NH3N2 63.4 2,100 0.03

NI 40.7 66.13 0.62

NIT * 10.5 5,000 0.0021

PB 3,100 3.2 970

SO4 35,000 1,060,000 0.033

V 57.1 200 0.29

ZN 151 49.59 3

Sediment

CR 45.7 100 .46

NIT 2.22 54.5 .004

PB 2,600 50 52

S04 210

DEP 2.46

W0039213T.380\ 13



continuea I

TABLE 8-22
RISK EVALUATION FOR AQUATIC RECEPTORS

ROCKET PASTE AREA

REMEDIAL INVESTIGATION

BADGER ARMY AMMUNmONl PLANT

ExposuR PoINT HAZARD
COMPOUND CONCENTRATIONA RTVO QUOTIENTc

NNDPA 4.98

NG 1.75

Notes:

Analytical results presented in Tables 0-17 and summarized in Table 8-19.

a Reference Toxicity Value (RTV) derived from available quality criteria and effects threshold levels as presented in Table 0-3

c Calculated by dividing the exposure point concentration by the RTV; values in excess of 1.OE+00 inOicate that the

protective RTV was exceeded by environmental concentrations.
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TABE 8-23 I
SuWAARY oF RISK EVALUATION FOR TERRESTRIAL iECEPTORS

RocKET PASTE AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNmON PLANT

I

HAZARD INDICESA

RECEPTOR ACUTE Rise CHRONic RISK'

Short-tailed shrew 6.6E + 03 1.3E + 05

Eastern meadowlark 1.5E+02 4.4- -02

Garter snake 3.3E + 02 6.5E + 03

Red fox 1.9E 4 01 1.4E + 02

Red-tailed hawk 2.9E+01 3.0E + 02

Notes:

A Sum of the individual Hazard Quotients for each surface soil contaminant of concern; each HO calculated by dividing the

estimated exposure dosage by the Reference Toxicity Value (RTV). Hazard Quotients are presented in Appendix R,
Tables R-53 and R-54 for acute and chronic exposures, respectively.

* Based on comparison with acute RTVs.

C Based on comparison with chronic RTVs.

!5p
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MW SAPL MP SAPL W SAMLE SAMPLE
cowE NM#ER cowE HM*ER cow1 P1MR am0 I&IM10

*1 NWM414 Is RPS4144 U5 RP41.17 u RP41~
2 W5"41 I* RP"-=l u WSIII&-10 a RP414
5 t5$414 U RP41- a7 11181-19 54 RP41

4SPila 1spmn n Ilp .10 5 110 4I

*owfo 5 P4-4 2 11611 111110410 EXS0N MON" OR4G

Sit19NP44h a 1116461 42s +PM4 NE MOrrO"IN

13 P"M 3 1.4 47S MP FROM 300 RSCALESi

IsSw042=F"2 PLA PROVIDE BY UNCRPORA11
11 IP010 3 R2.14 5110 WoolES aD 51 E" EL

BASDO SEPIlE SAMP196 E

PU4S.T VRERKCET SURVAEY DATA (AMPLENI

T.SRAESI N SURFACE WATER &W

1 LCATON BASED MPFON 3WIAED SURVEY
745 PLAN POVIED YO.

RPM4NM 1 AND 91SEITESWL LOCATION
__ BSEDIONMENTSA, SURFACE

4.SURFACE WOLATER SAMPLCE W E
ROCET ASTE BAREA ANFED NEWVEA

BYADG-ER RY MU
IR nniomna



MA A1LE MAP SMPLE MAP &APL IMF SMPLE MAP &AMPL
CODE NMIIER ca NulE CODE KAMM CODE KM MR cowE famll

i NPSM141 IS RPS414 35 RPS4-17 52 Al64140 a RPSOI-12
2 NP641.t I$ RPS4I-3 3S RPOM-1 III Rp"4141 70 RPS4146
3 NW341-03 20 RPS-IU- 37 RPS41-19 54 RPS41U4 71 RPS46i
4 NPWOI-42 21 APS4I.U U wo -a14 S AP043 72 RP641-0
5 NPS-040 2 RPSI-I0 15 RPSM-20 11S RPSM45- 73 RPS41S 0
* A~445 23 RPSM-14 40 RP1441 67 RP"40- 74 SF6414
7 NPS4147 24 RSM4-U 41 SFN41.51 ft Sf64147 75 RPSM44

N tPSM-44 25 RSF410t 42 ASF61487 SO RFS4M-14 76 RsF5414
oNFW4I-ot 20 SF5-01 43 SF3"14 00 RSF4145 77 SF5414

10 1W5491-ft 27 RSF4145t 44 SF -641 91 RSF4145t 76 RPS41-40
11NP59145 28 PSF4141 45 RSF1-1l 02 RPS4-M46 79 RFS41-43

12 NPM1 0 RS9-4 4 M 4 SF=61 SF6413s1 SF11~42
13 RPS4I-01 0 RSF41.24 47 SF54144 84 RSF41-0 0146W4

17 RSF-41-0 3-ROS 1 US1M 8RS0-

PAVED ROAD OR TRAMWAY

* -DRAINAGE DITCH

811189+ EXISTING MONITORING WELLS

RpUJ.+ NEW MONITORING WELLS

A SEDIMENT SAMPLE

OCKET A SURFACE SOIL SAMPLE
AREnA 13 SURFACE WATER SAMPLE

L*NOTES:
74 1. BASE MAP FROM 300 SCALE SITE TOPOGRAPHIC

63 PLAN PROVIDED BY OUN CORPORATION.

76 ~2. S IIOOSERIES AND II SERIES WELL LOCATIONS
* ~BASED ON MEP (TSAI. 1969)

&. 1969 AND 91 SERIES WELL LOCATIONS B3ASED ON
6477 VIEREICHER SURVEY DATA (APPENDIX F).

4. SURFACE SOIL AND SURFACE WATER SAMPLE
LOCATIONS BASED ON FIELD SURVEY CONDUCTED

76 BY ABB-ES.

SEDIMENT, SURFACE SOIL AND
SURFACE WATER SAMPLE LOCATIONS

5PU4141 NITROGLYCERINE POND,-
ROCKET PASTE AREA AND NEW ACID AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITON PLANT

-ABB Environmental Services, Inic.--
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11-41P PAVED ROAD OR TRAMWAY

•.- - DRAINAGE DITCH

81119 EXISTING MONITORING WELL LOCATX91121 11 AND DESIGNATION

MM40-2 NEW MONTORING WELL LOCATION A

14P " NEW FUDS PIEZOMETER LOCATION A

DESIGNATION

EAST ROCKET ORIENTATION OF GEOLOGIC CROSS

PA~RlEA •SECTION

E -•40 NOTES:
1. BASE MAP FROM 300 SCALE SITE TOPOGRAPHIC

PLAN PROVIDED BY OLIN CORPORATION.
L 51100 SERIES AND 81 SERIES WELL LOCATIONS

. . .BASED ON MEP (TSAI,19110).
2& IM AND 91 SERIES WELL LOCATION BASED ON

VIERBICHER SURVEY DATA (APPENDIX F).
4. NEW MONITORING WELLS INSTALLED UNDER THE

A-U1,146 DIRECTION OF ADSWES.
&. EXISTING MONITORING WELLS INSTALLED UNDER

THE DIRECTION OF OUN CORPORATION.
6& FUDS PIEZOMETERS INSTALLED UNDER THE

DIRECTION OF COE - ST. PAUL DISTRICT.
).81113

81114

FIGU
81111A MONITORING WELL LOCATION

ORIENTATION OF GEOLOGIC CROSS SECTI
NITROGLYCERINE

ROCKET PASTE AREA AND NEW ACID
REMEDIAL INVESTIG

BADGER ARMY AMMUNITION
AB Environmental Servi
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PAVED ROAD OR TRAMWAY

.. .......... DRAINAGE DITCH
I

+ AND DESIGNATION
NEW MONITORING WELL LOCATIONA

Si , DESIGNATION

"iM-4iP -+ NEW FUDS PIEZOMETER LOCATION AND
"DESIGNATION

JJ r• ORIENTATION OF GEOLOGIC CROSS
SECTION

-91.40P NOTES:
1. BASE MAP FROM 300 SCALE SITE TOPOGRAPHIC

PLAN PROVIDED BY OLIN CORPORATION. 0 0
*. SIM SERIES AND 81 SERIES WELL LOCATIONS

BASED ON MEP (TSAI, 1068).
*. IM AND 91 SERIES WELL LOCATIONS BASED ON

VIEFSCHER SURVEY DATA (APPENDIX F)
4. NEW MONITORING WELLS INSTALLED UNDER THE

M41-P DIRECTION OF AMS-ES.
L EXISTING MONITORING WELLS INSTALLED UNDER .1

THE DIRECTION OF OLIN CORPORATION.
6. FUDS PIEZOMETERS INSTALLED UNDER THE

DIRECTION OF COE - ST. PAUL DISTRICT.

81113
81114

0

FIGURE 8-2
MONITORING WELL LOCATIONS AND

ORIENTATION OF GEOLOGIC CROSS SECTION J-J'
NITROGLYCERINE POND, 0

ROCKET PASTE AREA AND NEW ACID AREA
REMEDIAL INVESTIGATION

BADGER ARMY AMMUNITION PLANT
AB8 Environmental Services, Inc.---



Nora"

SILTY SAND (SM)

Su-SILTY SAND (SP-SM)

Mf-1 WITH

SAND WITH SILT (SP-SM)

776.5 77 ___L_ ____ 775.5___

LEGEND

NPW-4t1 WELL
(OFFSET OFFSET

S-- NOTES: I W=ES) WELL

1. SEE FIGUR 8-2 FOR LOCATION AND GRUN
ORIENTATION OF PROFILES. SILT SOISs

L. PROFILES ARE BASED ON AN EINTERPRTATION (ML) 118M
OF AVAILABLE SUBSURFACE DATA. ACTUALWAE
CONDITON BETWEEN EXPLORATIONS MAY VARY77IAE
FROM THOSE SHOWN.

&~ WATER LEVELS MASURED IN WATER TABLE
WELLS ON 12/15/31 - K-U-3 U-FlEWD

TEST REl

WOE BOTTOMI

SCALE U FEET

*i
VERCl EDWLO i

5O4514



OILT (MIL) SIL (.L)

SIL.TY SAND (SM) SIL.TY SAND (SM)

GRAVEL WITH SAND (010)

SANDWITHSILTSAND WITH SILT (SP-SM)

Km774.173

LEGEND O

~M41 WELL DESIGNATM
-750

(OFFSET OFFSET DISTANCE OF
16W EAST) WELL FRO TRANSECT

GROUm SURFACE
SILT SOILS DESCRPTIION AND
(ML) I LSIFrTO

77liL WATER TABLE ELEVATION

SCREENED INTERVAL

V K-W-3 WI-FIEW PER111AUUJTY FiGLi
ITEST RESUL.TS IN CUI/SEC GEOLOGIC CROSS SECI

amBOTTOM OF EXPLORATIONI NITROGLYCERINE'
ROCKET PASTE AREA AND NEW ACID

REMEDIAL INVESTKQ
BADGER ARMY AMMUNITION

goS Emkumd son
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II 0

el-m
SOT

0 0

SSY ILT (U)

~L. WITH SAN (OP)

-79

SAND WI SLY (SP-SS)

hI

773 0

-77

* 0

750

FIGURE 8-3
GEOLOGIC CROSS SECTION J-J'

NITROGLYCERINE POND,
ROCKET PASTE AREA AND NEW ACID AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLAN *MN Sm*...,snl Somi b, Ut
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PAVED ROAD OR TRAMWAY
m141P 

... . DRAINA DITCH

sin, 4~. EXSTING MONITORING WELL LOCATION

812 pow" + NEW MONITORING WELL LOCATIONAN

___________V +~hs.I NEW FUO PlIEZMETER LOCATIONAN

774.7 STADIUZED WATER ELEVATION

ri5 CONTOUR uNE INDICATES

EAmT A m GROUNDWATER ELEVATION
PASTEAAREA LUD

AD AR APPROUDMATE NEARNDWATER FLOW
914010DIRECTION

774.7

NOTES:
511291. BASE MAP FROM 300 SCALE SITE TOPOGRAPHIC

7742 PLAN PROVIDED BY OLIN CORPORATION.
2 N ALL WATER LEVELS WERE MEASURED ON A2NIOSU

4AND ARE ROUNDED TO THE NEAREST 0.10 FOOT.
419P72 NEW100 SERIES AND W1 SERES WELL LOCATIONS

7717 BASED ON MEP (TSAI, 1988).
4. 19M9 AND 91 SERIES WELL LOCATIONS ASED ON

VIERB1C1ER SURVEY DATA (APPENDIX P).
L GROUNDWATER ELEVATION AND CONTOURS

81113BASED ON U.S. COASTAL AND GEODETIC SURVEY
91114DATUM.t
77L7 6. NEW MONITORING WELLS INSTALLED UNDER THE

DIRECTION OF AEB-ES.
7. EXISTING MONITORING WELLS INSTALLED UNDER

-w THE DIRECTION OF OUIN CORPORATION.
SL FUDS PIEZOMETERS INSTALLED UNDER THE

DIRECTION OF COE -ST. PAUL DISTRICT.

s5111 F•GUR
7a WATER TABLE CONTOUR

NITROGLYCERINE
ROCKET PASTE AREA AND NEW ACiD

REMEDIAL INVESTIGA/ BADGER ARMY AMMUNION P
Erirornmental
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PAVED ROAD OR TRAMWAY 0

-w... DRAINAGE OWTCH

a111e +AOEXIS1NGN MONITORING WELL LOCATION

'Iisp .u .dlb. NEW MONITORING WELL LOCATION AND 0 0
""" OENGNAll1ON

Hbo 1".4W + NEW FUDS PIEZOMETER LOCATION AND

?m4y, STADILIZED WATER ELEVATION

S1 CONTOUR UNE INDICATES
GROUNDWATER ELEVATION

APPRXIMATE GROUNDWATER PLOW
.5-upDIRECTION
7?'?

NOrTES: 

0

5. BASE MAP FROM 00 SWALE SITE TOPOGRA"PNC
AN PROVIDED BY OLN CORPORATION.

L ALL WATER LEVELS WERE MEASURED ON 12/16411
AND ARE ROUNDED To THE NEARE 0o.10 FOOT.

-w & s1 ao0 SERIES AND 81 SERIES WELL LOCATIONS
"7717 BASED ON WP (TSAI., 196). 1 9

4. Im AN 91 SERIES WELL LOCATIONS BAED ON
VIERICHER SURVEY DATA (APPENDIX F).

L GROUNDWATER ELEVATION AND CONTOURS
811153 BASED ON U.S. COASTAL AND GEObETIC SURVEY
81114 DATUM.
773.7S L NEW MONITORING WELLS INSTALLED UNDER THE

DIRECTION OF ASWES.
7. EXISTING MONITORING WELLS INSTALLED UNDER

4P THE DIRECTION OF OLIN CORPORATION.
7__ L FUDS PIEZOMETERS INSTALLED UNDER THE

I DIRECTION OF COE - ST. PAUL DISTRICT.

FIGURE 8-4
WATER TABLE CONTOUR PLAN

NITROGLYCERINE POND, 0 0
ROCKET PASTE AREA AND NEW ACID AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMUNITION PLANT

ABS Envimomental Suvicm, Inc.---I
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MAP SMPLE hMP SMPLE w SMPLE MW SAPL
00= LMER oCCin NLOMR OM0 NIDER 00W1 MNLdlI a

*INP54141 I 0111"P4111 al 41-1"4 U NPSM4I I
2NPS4IU 10 RPS4M-WS Y u WSpm49 54 11140 1

4 NPW41-M 21 RPS4I.U n Pl4114Sll411
*5 NIP-41148 12 NAS414D 30 pi-w n §~54 I

* NP841-0 n P~4141 40 W3414m 57 ISM40 1
7 NWS4147 24 APS40. 41 11104"-W a RW414 1
* NP94144 25 RPSmI-10 42 RP"147 0 RP"-14 1
* NPW.5'1 U FS41-n 08 f.'4e a 1010181 1

reONTH-Ll 10 NPS841-48 27 mpS414 44 RS41.0 *I RP"Iw 1

12 liPS-I-tO as PIP"-" 4S V~444 U 59M644 4
is1111064141 30 "Pl41-all 47 5964145 R4 404 I

PAVED ROAD OR ThAMN

.* .~- RAINAG DITCH

81110+ EIS~lNG AOINITORING I

WItS&M + NEW MONITORINGM WELIW

A SmtIAET SAMILE

A SURFACE SOIL SAIAPLE

13 SURFACE WATER A

NOTES:
1. SEE TABLE 54OR APP! NOOC K FOR Cý

"70 ~DATA SUIMARY.

2. CRL -CERTIFIED REPORTING UIMIT

IIP"4"NG COWi
NITROGLY4CER

- ROCKET PASTE AREA AND NEW A
REMEDIAL

BADGER ARMY AMM
---- EBnvlroinmme



WAP AMURE MAP SMALE MAP SAPL MAP AML IMP SAMPLE
CODE NUMER cmwe .ain CCCI NLER ooo HLMER A=o M31WR

I NPSM41 If1 RPSM344 35 RPS4-17 a2 RPS4140 a RPOM-12
2 NPS-01-2 19 Rp54145 36 R1-Is a RP14141 70 RP"5.@
3 NP&M-0 20 RPSM-32 37 RPS4-19 54 RP541U- 71 RPS41l48
4 NPW91-42 21 RPS414 30 Rpsm14S 5 RPSM4I 72 RP541-47
5 1W6414S 22 RP6130 30 RP"4-30 so 6964145 73 RPS-4145 0
* NPS-01-6 23 6964141 40 696`41.21 57 696~4s4 74 69649147
7 NPSM107 24 RPS41-n 41 6PS-01-n as 6914147 75 P96.eI.
a NPS641-04 25 69141-10 42 69640147 Of IlI641-14 76 RP&414U
9 NPW41401 as R6641-23 43 RP34104 600 110 -P6411 77 69340143

W 10 NP64146 27 RPSM-fS 44 6964-10 &1 644100060 76 Fr"6440
w11 NP"6414 28 RP"4- 41 RPS-1-11 62 RP"48. 79 RPOM414

12 NPS4I-10 2U P941W-24 40 R96414 62 RP641-i 0 6964142
13 96481-41 10 6934-n 47 69"645 64 6964140 W1 Rp6q4s
14 RP"-614 31 RP"414 41 696414 as 69641-13 a2 69641150
If RPW4HFOI 32 APS-4 48 RPS4107 a 1110341-11
16 W414 -2 33 6951-27 SO RP"6416 67 696414
17 6954146 34 6964146 51 696414 U 696414

PAVED ROAD OA TRAMWAY

DRAINAGE DITCH

81116 + EXISTING MONITORING WELLS00

WM.100 +- NEW MONITORING WELLS

A SEDIMENT SAMPLE

IT =rocICET SURFACE SOIL SAMPLE

h6TE E1A3 SURFACE WATER SAMPLE

74

10 mo gootoW9

V CRL to 99 jagl

i. SEE TABLE 8-9 OlR APPENDIX K FOR CHEMICAL
AT.DATA SUMMARY.

0 2. CRL - CERTIFIED REPORTING UNT

0

FIGURE 8-5
NG CONCENTRATIONS

FAA4*NITROGLYCERINE POND, 0
ROCKET PASTE AREA AND NEW ACID AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITON PLANT

-ABB Envmnmentl Swrime, Inc.
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-h SMPLE MA &WAPE MAP IIML MW WAU
OWE ktbUER cmE MAR cam1E 1 cam 0011 Min

I NpS4I4Is1 R4144 39 S1-1"7 a Ill541111
2 NPSM4I Is RS414S u ap"41. ft 410411
S S1 3 NP"341Rp-w 27 RPBM19 54 AP"40
4 WPW-W-f 21 Apsm-n u fl14Sf as lll"4Il

* PM4146 n AP&1414 40 f4141 57 apsm414
7 mWs414 S4 P~934- 41 mP96-u a 111114140
avno WS4144 as AP9341- 41 AP93417 so 11161-14
9 NPW414-1 W 11193414-11 42 AP9414 so P934-U

CNRL 10 N1W641 27 fP964143 "pa P951- 01 mp96-f
POD11 NP"4-m u RP94-U 45 IlP941- 42 RP9341

12 NPS4I-I@ as P96414 40 RP93444 IS RP"964

13 11110841-0 U RPU41-U 47 41434 64 RP"41U 0

14R-4-2.3IP- 81pmf R"1

LEG= PAVED ROAD OR Rf

...- ~DRAINAGE DITCH

0111 EXSTNG MONITORING%

3113 U.S. + NEW MONITORING EI

A sEomwNTSAmPLE

SAW OCKE SURFACE SOIL SAMPLE
PAM_ AI SURFACE WATER AML

-0.5 ft0.0 is.

77. -CRL lo0.5 pgi

NOTES:
71 1. SEE TABLE"5 OR APPENDIX K FOR C

DATA SUMMARY.
2. CR1. CERTIFIED REPORTING UL4T

HG CONCEN
NITROGLYCERI

ROCKET PASTE AREA AND NEW A
REMEDIAL lb

BADGER ARMY AMMUN
-A88 EnvkWIWomeWa



MAP SAPL MAP SMIPLE IMP SAMPLE IMP SMPLE MAP SAMPLE
CODE NWMIER CODE HLMIER CODE NLAIIER CODE NMBER CODE MIaNER

I NPS4I-01 Is16111841-N 35 RPS-01-17 52 AP84140 a APSI.12
2 NPS4I42 19 RPS41-M 39 RPS41-18 as RP64141 70 RS4s.45
3 MA54103 20 RP8.61-3 37 RPS4I-19 54 RPS41"42 71 APS4I46
4 NPW-1-02 21 RPS4I-U 39 AP5416 15 RPS41UI 72 RPSOI-47
S NP64142S RPS4i-30 39 5PS01-0 9 RPSMIS 73 RPS41-U 00
* NPS41-0 23 RPS-W141 40 RPSI-21 57 V54m11S 74 198,41-37
7 NPSM107 24 RPS41-W 41 PISM42- N RP641 -57 75 RPS01-44
a NP"-"4 25 635-6-10 42 RPS-41-07 U IPS41-14 76 RPSM4I4S
9 t4PW4141 25 RP941-23 43 RP841-44 6 so 4 RM-US 77 RP541461

10 NP14146t 27 RPS414S 44 RP"4I-6 61 6L3M14146 76 RPS41_40
11 NP6414S as 141045- 45 RPI41-11 02 63541-46 73 5P64-042
12 NPI4I-10 29 RP"4-24 46 6354144 05 RPSM4I- 60 RPS-01-42
13 RP54141 30 RPS4I -25 47 RP541 -65 64 RPS4I4O 61 RPS4I -43
14 63541-02 31 6364146 46 635414 65 635S41-13 82 F9841-1S
15 FOP" -01 32 RP541-W 46 fRP54147 6s APS4-14
16 RPW4146 33 FNJ41-27 so 636_4145 67 RPS6143
17 RP"4103 34 RPS4-05 51 RPSM41 54 66 Rps41-63

PAVED ROAD OR TRAMWAY

DRAiNAGE DITCH

$1119 + EXISTING MONITORING WELLS0

.Pluo4-0 NEW MONITORING WELLS

A SEDIMENT SAMPL.E

A SURFACE SOIL SAMPLE

13 SURFACE WATER SAMPLE

74 FGCNETAIN

U ~~0.5 t ~o 9 0

7 7 :-CRLto 0.5 p"

NOTES:
j71 1. SEE TABLE 8-9 OR APPENDIX K FOR CHEMICAL

DATA SUMMARY.
2. CRL - CERTIFIED REPORTING UMIT

FIGURE 846
HG CONCENTRATIONS

NITROGLYCERINE POND, 0
ROCKET PASTE AREA AND NEW ACID AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITON PLANT

AB Enviromnental Services, Inc.--



ima

144

0 060 low
L-u- G



&W AMILE MAP, SMPLE MAP SMPLE MIP SAMPLE
CODE tIUhUER COWE NMBER CmD NMIER cmD NUMNlf m

1NP549141 Is 908,4-34 36 RPS4M-17 a Fop404 a
2 NPS4142 19 RP54145 so All"4O a AS441 70
3 NPS414S3 20 RPS41-32 37 RP4IW-1O 14 11106"4 71
4 NPW4H14 21 RUPSM-1-U 30 RM404 a 11114"-w 73
5 NPSm-01 22 RS41.30 23 RpF414 n RS414 73
a NP84145s 2 RPS-1 31 40 R641 -i 67 WS4FUS 74
7 NP" -07 24 RPSM1-28 41 Nps4I-n so RPSm4 67
*v vq~W0 NSM-4 25 RPS4I-10 42 RPSM-07 0 WS41*14 76

POo NPW-91-01 21 RPS4h-23 45 Rpsa144 IS Np"41U 77
CNW 0 NPS4IOS0 27 RPS18-M- 44 RPIM-16 61 RP"41 75

POD1 Nps4I4Sw 21 RPS4I-2 45 RP"41.1 a RPS4I-48 7,
12 NPS4M*10 23 RPS41-24 48 RPS444 a APS4148 a

17 RPS41103 4FI"W 5 vw" 0 R"S

ýtz - PAVED ROAD OR TRAMWAY

.* .~DRAINAGE DITCH

SI 10 EXISTING MONITORING WEI%

WMINS&M NEW MONITORING WELLS

A SEDIMENT SAMPLE

E~frR0KA SURFACE SOIL SAMPLE

____ ___13 SURFACE WATER SAMPLE

47t~

MM\N ESTIMATED
SCONCENTRATION

NOTES:
1. SEE TABLE 6-0 OR APPENDIX K FOR CHE

DATA SUMMARY.
2. CONCENTRATIONS 40 aglg ARE CONSIDý

67 BACKGROUND. SEE SECTION 2.0.
3.CONCENTRATIONS ARE INDICATED AS

ESTIMATED WHERE DATA POINTS ARE U

PB CONCENTR
NITROGLYCERINE

ROCKET PASTE AREA AND NEW ACI
REMEDIAL INVEJ

BADGER ARMY AMMUNITION
ABB Environmental Sr



MAP SAPE MP SMPWLE MAP SAPE MPSMPE PSML
CODE NkJdER CODE NUWgER COWE MUL4ER CODE NLAWER CmD NM.IIR

I NPSI-ol 18 RPS"eI44 35 fS4M.17 S2 FIS4140 IS RP641-12
2 NP54-02 is RPS-9i-35 3 RPS*1-18 53 fulS41 70 APS-045
3 NPSM-143 20 RPS-91-32 37 RPVS4-ei- 54 mPS11.oi1a 71 RP.1-eg
4 NPW-ei-0 21 RPS4I4S N I PS414t S6 RP84I-e 72 RP"-47
£ IPS-ol- 22 a P"S40 39 RP341.o so RPS4145 73 RS414S 0
* NP34145 23 RPS-0141 40 RP&W411 57 RP84n-GS 74 APSM-37
7 NPS41I47 24 RPS4-M1- 41 Rp34I -2 S5 RPS-01-7 75 flP34¶44
6 NPS4M-04 25 RPS-10-l 42 RPIS-M-07 5S RPS-0-14 75 RP"4I4

* NPW41 -01 211 RPpS41- 43 11PS4144 60 FIPS41 -8 77 RPS-W14S
10 NPS-5141 27 RP"-"14 44 FIPS1-16 61 RP"4-8S 76 RPSM140

11 NPSI-0S 25 RPS41-= 45 RPS-M-11 62 RPSM4114 79 RP84M-4t
12 NPS4I-10 29 RPS-01-24 46 RP64144 6 FIS PSM41- g0 RP541-42
13 RPS41-01 30 RPS41-25 47 RIPS-51 45 64 RPS41-G0 61 RPOM0-43
14 RPS41-02 31 RPS414S9 48 RPSM-0~ 65 RPS4I-13 82 Rp"4-15
15 RPW4I4I1 32 RPS41-211 46 FISM -67 I RPS41-51
16 RPW4i-02 33 RPS-ol1-27 s0 RPS414S 67 RPS61 -52

17 RPS-01-0 34 RIPS4146 51 RPS-91-84 Is RPS-w145

LEG=N
PAVED ROAD OR TRAMWrAY

*..~.DRAINAGE DITCH

siiis 4- XITIG MONITORING WELLS 0
RP%6S.&0 NEW MONITORING WELLS

A SEDIMENT SAMPLE

ROCKET A SURFACE SOIL SAMPLE
AREA 0 SURFACE WATER SAMPLE 0

30 oo £9.0 MV

SESTIMATED
SCONCENTRATION

~ NOTES:
1. SEE TABLE 8-9 OR APPENDIX K FOR CHEMICAL

DATA SUMMARY.
L CONCENTRATIONS <30 ao ARE CONSIDERED

U BACKGROUND. SEE SECTION 2.0.
3. CONCENTRATIONS ARE INDICATED AS

K ESTIMATED WHERE DATA POINTS ARE LIMITED.

FIGURE 8-7
FWU4"4"PB CONCENTRATIONS

NITROGLYCERINE POND,
ROCKET PASTE AREA AND NEW ACID AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

-ABB Environmental Services, Inc.
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MA SMLE -I SAPL MAP SA~lPL -N SAPL I
COM MWIIIR -m CODE NMIER CODE I~MIR O LMIIER C

I IPS,141 1s APS4144 36 RP&M.17 a RP404
a 1U6m41 Is ro464 n 41"-1s U RSP41

3 01U10.0-0 2U 41P018 37 11P41-1S 54 NWS41M
4 NPW4142 a1 RP41.SJ n 594141 a 595414/ NP64146 a RP14146 SO Rp6414 06 RP45
6 NP84146 25 5964141 46 595414-1 57 595p4141
7 NP64147 24 59641-U 41 RP"41- n R41-w

ovP w8 NP"144 25 596410 42 RIN"47 S 964 RS-14

omfi. 10 NPS414S 27 111641401 111116,01-16 61 596410
PO W 11 1M108.096149 a 8 4"- 465964 M144 a 1116 0414 1

14 NFPO4106 a1 RP6414S 46 ~44 SO 5P094-I
islt 15 S14-M 30 ~41-5 46 595*414 U4 11196414

if rdvW4146 33 1110414-7 56 0194101 67 RP541-U
17 RP641S 34 RSF64145 51 5954144 U 591M4141

PAVED ROAD ORTA M

.* .~DRAINAGE DITCH

61111 + EXISTING MONITORING

mm-ma + NEw moNIToRING E

A SEDIMENT SAMPLE

47 AS SURFACE SOIL SAMPLE

___13 SURFACE WATER

Ri--
59S455 

CRL to 9.9 P"

I. SEE TABLE OR C APPENDIX K FOR C
DATA SUMW.RY.

2 CRL - CERTIFIED REPORTING UMIT

ROCKET PASTE AREA AND NEW A
REMEDIAL INV

BADGER ARMY AMMUN
BEnvr*onmenftal



MAP aMLE MAP SAPL MAP SAMPLE MAP SAMPLE IMP IAMPLE

CCCID NMBER CCCI M4UNER CCCI NNIWER CODE NUNIin CCCID NME

I 14P64141 14 Rps41-3 35 RPS*1-17 a Ful"40 0 RP"4112
2 NPS-01-2 19 RPS44 36 RPS41-14 U RP64141 74 RK 4
3 NP84-14S 20 RPS4I-3 37 RP84I-1S 54 FNMD*1u 71 RPS4148
4 NPi4I-42 21 Fr34143 n Rpsm414 5 RPSM484 72 RPS4M47
5 NPS414S 22 R34¶40 39 RsP"-as 80 RP54W 73 RP"-4S0
6 1W14146 23 RPS-9131 40 psm1-21 P7 RPS4I -IS 74 RPS41-37
7 NPS-91 -7 24 RPS-4I4S 41 Ap4qw.U 6 RP14147 75 RlP&M-4
0 tdPS-0l44 as FRPS4I. 42 RPS4147 5S RPS4-14 7s W541.-

Nw 41 -01 2B RPSmn 43 RPS4I.4 0 RP84I4St 77 RP"414
1: NPS4I -06 27 PS41"4S 44 RPS4I -16 a1 wqw4 -I 73 RPS4I.40
11 41 23-f RPS-I -23 45 RPSM1-11 62 RPS-0146 79 RPS-I -41

15 RPW-M-1 3 P-4n 9 RS9-6 PM

LEG=U
PAVED ROAD OR TRAMWAY

*--DRAINAGE DITCH

SilS EXISTING MONITORING WELLS0

RPU-S6.ft + NEW MONITORING WELLS

A SEDIMENT SAMPLE

MffE SURFACE SOIL SAMPLE

0SURFACE WATER SAMPLE

76 INE 100to0999 pwo g

10 1to991go P

2-CRL to g.g p"g

NOTES:
a ~~1. SEE TABLE "- OR APPENDIX K FOR CHEMICAL00

DATA SUMMARY.
2. CRL - CERTIFIED REPORTING LINT

FIGURE 8-8
I NNDPA CONCENTRATIONS

NITROGLYCERINE POND,0
-T ROCKET PASTE AREA AND NEW ACID AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

-ABB Environmental Services, Inc.
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&W WMUE M Z P WAM wsmt M WADLE

INpS141 Is ro"54 U aWs4-17 u 49U
2 NP~.IIM2 i 11110411 U m"w n p"4

4NPS4h42 v RPOME w apS411 nI 11110411
9 5114600 n 1110411 a Wes -0 U W"40
* N1014145 U 11101114" 48 wqwM.S sy 111411
7 WS414-7 24 1111"49 41 .51 U n w"1
a NP"~45 29 Rps-lO 41 APSM47 0 1111I-14
9 NIW*141 U WS4-w 48 114IMW a "w~s~

IsHNGM41U go 110141-in 4y ~S49- 4 1110604111
1 P SM41-t 31 110414 9 4 8 APS 14 0 a AWs4I414 RIS414I4 Si fl414U me am41a a 41-sa

PAVED ROAD on R

M%4&U + NEW MONITOftN
oil",__

A SEDMWENT SAMPLE

TOTAL1ES:NRAIW

4n 7 I. SEE TABLE 8-9 OR APPENDIX K
DATA SUMMARY.

L. CRL.- CERTIIED REPORTING

TOTAL DNT CONC

ROCKET PASTE AREA AND NEW
REM EDIALNI R IL CBADGER ARMY AMMUN

EA~



MAP SMPL MV SMPLE MV SMPL MAP SMPLE kW SML

CODE NII!R CODE NLOA CoDE muER CODE HUIAIIWE CODE NuiaE

I NPS4101 Is f64144 36 RS4-17 a ~S404 a R41.12
2 NP6414M 10 RPOM145 3S RpS4Is 08 RPSM-1I 70 RPS446
3 NP94148 SO RP14142 37 RPS,41-19 54 RP"41 71 F~4116
4 NlW4H1 21 Rpem14S 38 WS4146 05 FW"48 72 11110,9147
* HP151.46 22 RSP&4g- 3 R.eiSM2 el RINIM- 73 1110491-81 0 0
* NU4141 a W34141i 40 RISM141 57 RP"-" 74 R611010-7
7 NP41-07 24 WPS0404 41 RPS-1-22 Of RP641467 75 RPS41 44
a NP841-04 25 RPSM-10 42 RPBM-07 0 P54W1.4 76 ~S411S
* NPW41-01 35 RP&M1.U 43 RPS*14 US 1118,1411S 77 RPS41.

10 NPSM484 27 APS4-14S "4 FS -IS 6I 11106-49. 75 P~49.4
Iloilo 1 NP6415 al RPS41-0 46 5P641-11 0 RP-1~48 N 11~414

12 NPSI-01O1 a S4140,0-4 45 AS54144 43 PSF4145 s RP84PI42
13 RS541-01 30 PSF61-S1 47 F~464 54 wSF6410 61 111104143
14 PSF41-ft 31 RSF-4145 48 SFII-1416 05 RSF4-IS a SF11031-1S
Is 5FW4141 32 5641-am 49 111140147 a SF64-11
16 R5wm414 = SF54147 a SF64145 67 SF54142
17 S111041-48 54 S1114146 51 S110541464 0 RSF41IS

PAVED) ROAD OR TRAMWAY

. - DRAINAGE DITCH

8il119+ EXISTING MONTMfOING WELLS00

RIU4*02 +- NEW MONITORING WELLS

A SEDIMENT SAMPLE

[RAW W ET & SURFACE SOIL SAMPLE

PASE AM 9 SURFACE WATER SAMPLE

TOA OIh NET h&NIFNRAQ
74

SO 10b~op"/ 0

...... 2-CRL TO9.9IIp"

* NOTES:
* 11- SEE TABLE 8-9 OR APPENDIX K FOR CHEMICAL

A71  DATA SUMMARY.
NI2 CAL - CERTIFIED REPORTING LIMT

as

FIGURES8-9
* TOTAL DNT CONCENTRATIONS

NITROGLYCERINE POND,
ROCKET PASTE AREA AND NEW ACID AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

AB Environmental Servkce, Inc.
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CM NLOER a=D N.1g CMD ENu amD M~am
I NPS4HIsI R6P"t4 -"-7
2 NS"4W 13 mp"41 u R411" U -"4

4 mp"1w el W54"-U u W&01-09 U M"I
5 WS414S 22 ue~..gg 39 MP"40 n ap6 IWS4IU 25 RM4Si1 40 mmol1t 57 NPS4IU7 W"447 24 PS"49. 41 r4i.u w W"47
4 NP"-"4 U mSam-l@ 41 Rp414 0 OWS4I14*ý 1PW4141 a MGM- 42 ApsmO14 U APSM404COMTE, 1 NpS404 37 MP4148 44 MP"-ig 61 apsmINLII] as aps4I, 41 mp"41 ORl mU W4a9 4I ]NP&MW16 NW-84 48 ONW46 0 U 4

14 APS4141 U1 AW4140 47 AP418 a4 mpsm1
15RW44 4s1 4 24W af4wg

17 RP"414S "s46 MA"4 P44

_ _ _ _ _ _ _ _Lem =

PAVED RO0AD ON

.. - DRAinAGE DrTCH

*~PE MOtdIORMtd

PA - "- SURFACE SOIL AP

I - -- 0 SURFACE WATER A

* 1~~~~~. SEE TAULE "- OR APPENDX DAAKMMY

1lwe

TCLP PB CONC
I__ NITROGLYCE.

ROCKET PASTE AREA AND NEW
REMEDIAL I

BADGER ARMY AMMUN
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MAP -AIAL MAP SAPL MAIP SAMPLE IMP SMPLE MAP SAMPL

CONE NUIJMIER CODE MASR camE NMBER CODE NMlIER camE HaIIIEm

I NIP"Al4 16 RPSM-4 35 10110641-17 a3 RIP34140 a oS4I12
2 NPS4I-a 19 RPSM464 38 RPSM-1i 5 RPSM414 70 RPS446
3 MPS"eio 20 RpS.0l4 37 RPSI-tS1 54 RPS-4I 71 WS4I46
4 NPOW4142 21 RPS4-W 31 FS~t-fS U6 R"41 72 RP&M-47
s NRWeio 22 oP"mio 30 RPS4-W so RP54145 73 RPS41-W 0
a NP3-464 23 RPSM-31 40 R64141 S7 RPSm41U 74 RPSM-37
7 NPS41-07 24 1011041-21 41 RPS41- N RP34147 75 RP"-1 4

I NP"444 as RPS41-10 42 RIP&M47 US RPS4S1-14 76 R~s414
* NPW-MI41 as RPS41-20 AS RP"-" 04 a RPS41451 77 RPSM-11U

10 NPS4IS 27 wrS4M-f 44 VS4M1. SI 1S4141-1 75 RPS404
11tS4-004 a RPS4I-2 46 RPS4I-11 1 RP14146 79 RPS41-43
12NPS4I-10 2U RS41424 46 RP54144 a RPlI.46 as RP&M-

13 RIP"4-01 30 RPSS41- 47 RP6445 64 RPOM140 61 RP341-43
14 RlPS4142 31 RPS4M4S 46 f~41N 0 RPS4-13 a2 5P&M41t5
15 RPW4I41l 32 RP".61- 46 F5417 a RPM6414
16 RPW-0-0 33 RPSMI-17 so n541n 67 RPS-01-62
17 RPS-91-03 34 11~41S 51 RS41-64 a Ilpsal43

PAVED ROAD OR TRAMWVAY

*..~.DRAINAGE DITCH

slmt 4 EXISTING MONITORING WELLS00

RPM.U140f + NEW MONITORING WELLS

A SEDIMENT SAMPLE

lOCKET A SURFACE SOIL SAMPLE

0 SURFACE WATER SAMPLE

91 PS CONCENTRATION IN SAMPLE
74 (gL

1.SETAL6-9 OR APPENDIX K FOR CHEMICAL 0
477 IN DATA SUMMARY.

644 77

* 7

is 7

.72

FIGURE 8-10
If*lE"m TCLP PB CONCENTRATIONS

NITROGLYCERINE POND,0
ROCKET PASTE AREA AND NEW ACID AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

-ABS Envirornmntal Services, Inc.--
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TAmL 9-4
WELLS INCLUDED IN GROUNDWATER SAMPUNG PROGRAM - S
OLEUM PLANT AND OLEUM PLANT POND/BALLISTICS POND

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

SITES NEW WELLS j ExisTiNG WELLS

Oleum Plant and Oleum Plant OPM-89-O1 S1132
Pond OPM-89-02 S1151

OPM-89-03

Ballistics Pond S1127
S1128

TOTAL WELLS 3 4

W0039213T.9/4
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TAKLE 9-9
FIELD HYDRAuuc CotoucTrvrTy TEST RESULTS -

OLEUM PLANT AND OLEum PLANT PoND/BALLIsTICS POND

REMEDIAL INVESTIGATION
BADGER ARMY AMw mrNrO PLANT

MAXIlUM WATER HYDRAuUC
WELL LEVEL DEREssIoN CoNoUCTInvITY

DESIGNATION (FEET) (CM/SEC) GEOLOGIC CONDITIONS

OPM-89-03 0.9 j lx10 1  Fine sand with gravel (SP)
over gravel (GP)

Notes:

Hydraulic Conductivity Tests completed during Match and November, 1989, and November and December 1991.

Field data and calculations are presented in Appendix I.

Values for hydraulic conductivities represent an averaged value of multiple tests performed on each well.

Water level recovery at these wells impacted by inertial effects, resulting in water level recovery above static water levels. Hydraulic
conductivity measurements may be greater than the calculated values at these wells.

cm/sec = centimeters per second

SVW0039213T.9/5
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TALE 9-10
HonIZoNTAL GROUNDWATER GRADIENTS

OLEUM PLANT ANm OLEUm PLANT PONO/BALuSTICS POND

REMEDIAL INVESTIGATION
BAoGER ARMY AMMUNiON PLANT

WELL PAIRS HORIZoT.AL GRAmDENT (ft/ft)1  COMMENT

Oieum Plant and Oleum Plant Pond

OPM-89-02 0.0004 Southerly and easterly flow vectors in
S 1132 deep regional system

DBN-89-04B 0.0004 Southerly and easterly flow vector in
deep regional flow system

Ballistics Pond

S1127 0.008 Southerly flow vector in shallow flow
S 1128 system

Notes:

SGradient calculations are presented in Appendix H. All gradient calculations based on 12/13/89 water level measurements
ft/ft feet per foot

W0039213T.9/7
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TAKLE 9-15
COMPOUNDS OF POTETmAIL CONCERN

OLEUM PLANT AND OLEUM PLANT POND

REMEDIAL INVESTIGATION
BADGER ARMY AmmuNmoN PLANT

I
EXPOSURE POINT CONCENTRATION

COMPOUNDS OF SURFACE SOIL SUBSURFACE SOIL2  SEDIMENT'

POTENTIAL CONCERN W IIg) (Ig/) (W/g)

CR 14.4 30.3 --

HG - 0.115 --

NI -- 23.1 --

NIT 3.46 6.19 50

S04 8,500 14,000 590

Notes:

- = Not identified as a compound of potential concern
Exposure point concentration is the maximum detected concentration
/jg/g = microgram per kilogram; equivalent to parts per million (ppm)

Assessment of surface soil contamination (0 to 2 feet) was performed using samples from borings OPB-91-01 and OPB-91 -06 through OPB-91- p
2 Assessment of subsurface soil contamination (2 to 12 feet) was performed using samples from borings OPB-91-01 through OPB-91 -05.

Assessment of sediment contamination was performed using samples OPS-91-01 through OPS-91-04.

II

W0039213T.9/12
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TAKE 9-16
SuwAi Y OF RisK EsTnrATEs

OLEUM PLANT AND OLEUM PLANT POND

REMEDIAL INVESTIQATM
BADGER ARMY AMMUNITN PLANT

CANc HAZARD
EXPOsUE ScEmNRO EXPOSURM ROUTE RISK INDEX

Current and Future Grounds Soil Ingestion NA 0.000003
Maintenance Worker

Inhalation of Particulates and NA ND

Vapors

*Total Grounds Maintenance Worker NA 0.000003

Future Residential Soil Ingestion NA 0.0005

Future Construction Worker Soil Ingestion ND 0.02

Inhalation of Particulates 4x108 0.0002

* Total for Construction Worker 4x108 0.02

Future Child Playing Ingestion of Sediment NA 0.04

Notes:

ND = not determined - toxicity factors not available for compounds of potential concern
NA = not applicable - no carcinogenic compounds of potential concern

I

p

W0039213T.9/13
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TAKLE 9-17
COMPOUNOS OF PO'ENTnAL CONCERN

BAIIUSTICS POND

REMEDIAL iNVESTIGATION
BADGER ARMY AMMUN1•TON PLANT

I
EXPOSURE POINT CONCENTRATION

COMPOUNDS OF SEDIMENT SURFACE WATER2

POTENTIAL CONCERN (W/) (mg/1)

AL 58,000 0.18

B2EHP 6.1 --

BA -- 0.0367

CL 4.05

MN - 0.0791

NH3 215 -

NIT 5.16 0.0514

PB 54 -

PHANTR 0.428 -

S04 490 15

V - 0.00523

ZN 0.0679

Notun:

S = Not identified as a compound of potential concern
Exposure point concentration is the maximum detected concentration
Pg/g = micrograms per gram; equivalent to parts per million (ppm)
mg/i = milligrams per liter

Assessment of sediment contamination was performed using samples BPS-91-01 through BPS-91-06.
2 Assessment of surface water contamination was performed using samples BPW-91-01 and BPW-91-02.

I
~WO9213T.9/14
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TAmE 9-18
SUMMARY OF RISK F STMATES

BALISTICS PONL,

REMEDAL INVEsTIGATnON
BADGER Auwy AmmuNmoN PLANT

CANCER HAZARD
EXPOSURE SCENARIO EXPOSURE ROUTE RISK INDEX

Future Chid Playing Ingestion of Sediment 5x10-9 0.0001

Ingestion of Surface Water NA 0.00007

Dermal Contact with Surface Water NA 0.00007

Total for Child Playing 5x10 9  0.0002

Notm:

NA = not applicable - no carcinogenic compounds of potential concern

W0039213T.9/15
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TAKE 9-20
EcoLoGcr. CONTAmmNATmS OF ComN:EN -

OLEUM PLANT AM OLEUM PLANT POND

REmEDmL bNESTGATION
BADGER ARMY AmmrinIoN PLANT

COMPOUND FREOUENCY ExPosurE POINT CONCENsRAinoN

Surface Soil

NIT 3:3 3.46

S04 3:9 8,500 p

Sediment'

NIT 4:4 0

S04 4:4 590

Noews:

£ Constituents selected based on criteria presented in Tables 0-21 and 0-22 and discussed in Section 5.0.

"95th percentile or maximum; units in Ig/g.

Assessment of surface soil contamination (0 to 2 feet) was performed using samples from borings OPB-91-01 and

OPB-91-06 through OPB-91-13.

Assessment of sediment contamination was performed using samples OPS-91-01 through OPS-91-04.

p

WOO39213T.9f6
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TALE 9-21 p
EcoLoGocAL Cowmwwm OF CONCERNA -

SALLJ=CS PONO

REMAL INVESTnGAllON
BAoaEm ARMY AMMUNITION PLANT

p
COMPOUND FRE•uENCY EXPOSURE POINT CONCENTRATION"

Surface Waterc

AL 2:2 180

BA 2:2 36.7 p

CL 5:5 4,050

FE 2:2 315

MN 2:2 79.1

NIT 3:5 51.4 p

S04 5:5 15,000

V 1:2 5.23

ZN 2:2 67.9

Sediment0  p

AL 6:6 58,000

B2EHP 2:6 6.1

NH3 5:6 215

NIT 1:6 5.16 p
PB 6:6 54

PHANTR 1:6 0.428

S04 6:6 490

NHws:

A Constituents selected based on criteria presented in Tables 0-23 and 0-24 and discussed in Section 5.0.

"I 95th percentile or maximum; units in PIg/1 (surface water) and jg/g (sediment).

C Assessment of surface water contamination was performed using samples BPW-91-01 and BPW-91-02.

0 Assessment of sediment contamination was performed using samples BPS-91-01 through BPS-91-06.

W0039213T.9/8



TABLE 9-22
RisK EVALUATION FOR AQUATIC RECEPTORS

OLEUM PLANT POND

REMEDIAL INVESTIGATION

BADGER ARMY AMMUNmON PLANT

ExPosURE POINT
COMPOUND CONCENIRAT1Oe RTVb HAZARD QUOTIENTV

Sediment

NIT 50 545 0.09 I
S04 590 NA --

Notes:

Analytical results presented in Tables 0-21 and 0-22.

S�Reence Toxicity Value (RFtI) derived from available quality criteria and effects threshold levels as presented in Table 0-3.

Calculated by dividing the exposure point concentration by the RIV; values in excess of 1.OE+00 indicate that the
protective RTV was exceeded by environmental concentrations.

NA = none available.

( W0039213T.9/9
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TABLE 9-23
SUMMARY OF RISK EVALUATION FOR TERRESTRIAL RECEPTORS

OLEUM PLANT

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

HAZARD INDICES

RECEPTOR ACUTE RISKe CHRONIC RISK'

Short-tailed shrew 1.2E +00 1.2E+01

Eastern meadowlark 7.6E-02 7.OE-01

Garter snake 5.6E-02 5.2E-01

Red fox 2.2E-02 4.OE-03

Red-tailed hawk 6.OE-02 5.6E-03

Notes:

Sum of the individual Hazard Quotients for each surface soil contaminant of concern; each HO calculated by dividing the estimated exposure cc:.
by the Reference Toxicity Value (RTV). Hazard Quotients are presented in Appendix R. Tables R-57 and R-58 for acute and chronic expos,,
respectively.

b Based on comparison to acute RTVs.

Based on comparison to chronic RTVs.

W0039213T.9/10



TABLE 9-24
RISK EVALUATION FOR AOUATIC RECEPTORS

BALLISTICS POND

REMEDIAL INVESTIGATION

BADGER ARMY AMMUNITION PLANT

COMPOUND EXPOSURE POINT CONCENTRATION' RTVb HAZARD QUOTIENT

Surface Water

AL 180 748 0.24

BA 36.7 1,360 0.027

CL 4,050 230,000 0.043

FE 315 1,000 .315

MN 79.1 100 0.79

NIT 51.4 5,000 0.01

S04 15,000 1,060,000 0.014

V 5.23 200 0.026

ZN 67.9 49.59 1.4

Sediment

AL 58,000 NA --

B2EHP 6.1 NA --

NH3 215 75 2.9

NIT 5.16 545 0.0095
PB 54 50 1.1

PHANTR 0.428 1,390 0.00031

S04 490 NA --

lotes:

Analytical results presented in Tables 0-23 and 0-24.

Reference Toxicity Value (RTV) derived from available quality criteria and effects threshold levels as presented in Table Q-3.

Calculated by dividing the exposure point concentration by the RTV; values in excess of 1.0E+00 indicate that the protective RTV was exceeded by
environmental concentrations.

A = none available.

W0039213T.9/1 I
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- RAILROAD TRACKS 0 1
EXTENT OF BALLISTICS POND (1991)

S 1949 PO•ND BOUNDARY

NOTE:
1. BASE MAP FROM 300-SCALE SITE TOPOGRAPHIC Drainage from I

PLAN PROVIDED BY OLIN CORPORATION. Baraboo Hills

.6

BALLISTICS POND

SII

, I

DETAILED SITE PLAN
BALLISTICS POND

SCALE IN FEET-- REMEDIAL INVESTIGATION
I / BADGER ARMY AMMUNITION PLANT0 300 600

920609M 3 A88 Environmentai Services. :nc.
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-- 4-.---t - RAILROAD rRAcKs

EXTENT OF BALLISTICS POND (1991)

1949 POND BOUNDARY

+ DESIGNATION AND LOCATION OF
MONITORING WELLS

A SURFACE WATER SAMPLING LOCATIONS Draage from

A SEDIMENT SAMPLING LOCATIONS Baraboo Hills

NOTES:
1. BASE MAP FROM 300-SCALE SITE TOPOGRAPHIC

PLAN PROVIDED BY OLIN CORPORATION.
2. SURFACE WATER AND SEDIMENT LOCATIONS

BASED ON ABB-ES FIELD LOCATIONS.

SPS91-O1 A BP910

BALLISTICS POND

S-91-1 &BP0_1I

BPAW-90-02 OF$1129.
Bpr:.9l-05 A A - ý-- -

& W9- BPS-91-04 
(Off Plan)

i f j FIGURE 9-5

SURFACE WATER AND SEDIMENT SAMPLES
BALLISTICS POND

SCALE IN FEET REMEDIAL INVESTIGATION
, I BADGER ARMY AMMUNITION PLANT

9 0e300o600 ABB Environm-ental Services, Inc.-

(28921
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TAKLE 10-1
HISTORY OF ACiD AND FUEL OiL SPILLS -

OLD ACIDO AREA/OLw FUEL OIL TANK AREA

REMEDIAL INVESTIGATION
BAmDER ARMY AMMUNITION PLANT

I

SPILL DATE CAUSE MATERIAL AMOUNT CONTROL

1970-72 Tank leakage Acid 25 tons Unknown

10/82 Tank leakage Sulfuric acid 6.5 tons Diked, neutralized

5/91 Pipeline Rupture No. 2 Fuel Oil 5,000 gallons Groundwater,
pumping

? Tank leakage/ Fuel Ol unknown None

Overflow

Souce: Tsai et al., 1988.

W0039213T.0/1
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TABLE 10-5 •
WELLS INCLUDED IN GROUNDWATER SAMPLING PROGRAM -

OLD ACID AREA/Ow FUEL OIL TANK AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

SITEs NEW WELLS EXISTING WELLS

Old Acid Area OAM-89-01 S1126
OAM-89-02
OAM-91 -01

Subtotal 3 1

Old Fuel Oil Tank FTM-89-01

Subtotal 1 0

TOTAL WELLS 4 1

S

I

I

woo00]3-r13.Io/6
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TASLE 10-8
FIELD HYDRAUUC ComocTwIvy TEST RESULTS -

OLD ACID AREA/OLD FUEL OIL TANK AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNmoN PLANT

MAXIMUM WATER HYDRAULIC
WELL LEVEL DEPRESSION CoNoucnivrrv GEOLOGIC

DESIGNATION (FEET) (cm/sec) CONDmONs

OAM-89-01 3.1 2X10"2  Medium to fine sand (SP)

FTM-89-01 3.6 3x10 2  Medium to fine sand (SP)

Notes:

Hydraulic Conductivity Tests completed during March and November, 1989, and November and December 1991.

Field data and calculations are presented in Appendix I.

Values for hydraulic conductivities represent an averaged value of multiple tests performed on each well.

Water level recovery at these wells impacted by inertial effects, resulting in water level recovery above static water levels. Hydraulic
conductivity measurements may be greater than the calculated values at these wells.

cm/sec = centimeters per second

0
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TABME 10-11
COMPOUNDS OF POTENTIAL CONCERN

OLD ACD AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

EXPOSURE POINT CONCENTRATION

COMPOUNDS OF SURFACE THROUGH
POTENTIAL SURFACE SOIL' SUBSURFACE SOIL2

CONCERN W/O (#g/g)

ACET -- 0.008

CR 20.5 20.5

NI 56.9 56.9

NIT 5.61 8.28

PB 1,500 1,500

S04 20,000 20,000

Notes:

- = Not identified as a compound of potential concern
Exposure point concentration is the maximum detected concentration
pug/g micrograms per gram; equivalent to parts per million (ppm)

Assessment of surface soil contamination J0 to 2 feet) was performed using samples from borings OAB-91-01 through
OAB-91-13.

2 Assessment of subsurface soil contamination (0 to 12 feet) was performed using samples from borings OAB-91-01 through
OAB-91-13.

W0039213T.10/9
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TABLE 10-12
SUMMARY OF RISK ESTIMATES

OLD AciD AREA

REMEDIAL INVESTIGATION

BADGER ARMY AMMUNITION PLANT

CANCER HAZARD
EXPOSURE SCENARIO EXPOSURE ROUTE RISK INDEX

Current and Future Grounds Soil Ingestion ND 0.0003

Maintenance Worker

Inhalation of Particulates ND ND

Total for Grounds Maintenance ND 0.0003
Worker

Future Residential Soil Ingestion ND 0.04

Future Construction Worker Soil Ingestion ND 0.01

Inhalation of Particulates 2x10- ND

Total for Construction Worker 2x10-8 0.01

Notes:

ND = not determined - no toxicity factors available for compounds of potential concern

W0039213T.10/I0
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TABLE 10-13
COMPOUNDS OF POTENTIAL CONCERN

OLD FUEL OIL TANK AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

EXPOSURE POINT CONCENTRATION

COMPOUNDS OF POTENTIAL SUBSURFACE SOIL'
CONCERN (pg/g)

2MNAP 1.07

ANAPNE 0.077

B2EHP 1.8

BAANTR 0.122

BGHIPY 0.396

CHRY 0.113 I

DNBP 2.1

FANT 0,037

FLRENE 0.16

PHANTR 0.194 I

Notes:

Exposure point concentration is the maximum detected concentration
#g/g = micrograms per gram; equivalent to parts per million (ppm)

Assessment of subsurface soil contamination (2 to 12 feet) was performed using samples from FTB-91-01 and FTB-91.02.

W0039213T.]0/I I



TABLE 10-14
SUMMARY OF RISK ESTIMATES

OLD FUEL OIL TANK AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

CANCER HAzARD

EXPOSURE SCENARIO EXPOSURE ROUTE RISK INDEX

Future Construction Worker Soil Ingestion 9X10-9 0.001

Inhalation of Particulates 5x1011 ND

Total for Construction Worker 9x10 9  0.001

NHe.t:

ND = not determined - no toxicity factors available for compounds of potential concern.

W0)39213T.10/12
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TABLE 10-16
EcoLOGICAL ComTMINANTS OF CONCERNA

OLD AcIo AREA

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

COMPOUND FREQUENCY EXPOSURE PoINT CONCENTRATIONa

Surface Soil

NI 3:3 56.9

NIT 13:23 1.79

PB 3:3 1,500

S04 16:23 18,000

Notew:

A Constitutents selected based on criteria presented in Table 0-25 and discussed in Section 5.0.

95th percentile or maximum; units in pg/g.

Assessment of surface soil contamination (0 to 2 feet) was performed using samples from borings OAB-91-01 through
OAB-91-13.

I

I
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TABLE 10-17
SUMMARY OF RISK EVALUATION FOR TERRESTRIAL RECEPTORS

OLD ACID AREA

REmN IAL INVESTIGATION
BADGER ARMY AMMUNmoN PLANT

HAZARo INDICES*

RECEPTOR ACUTE RISKm CHfoNIC RiSK*

Short-tailed shrew 2.8E+03 5.7E + 04

Eastern meadowlark 6.3E+01 1.8E + 02

Garter snake 1.4E+02 2.8E + 03

Red fox 3.1E+00 1.3E+00

Red-tailed hawk 9.8E+00 2.OE+00

Notes:

Sum of the individual Hazard Quotients for each surface soil contaminant of concern; each HO calculated by dividing the
estimated exposure dosage by the Reference Toxicity Value (RTV). Hazard Quotients are presented in Appendix R.
Tables R-59 and R-60 for acute and chronic exposures, respectively.

Based on comparison to acute RTVs.

Based on comparison to chronic RTVs.

W0039213T.1O/8
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TABLE 11-3
WELLS INCLUDED IN GROUNDWATER SAMPUNG PROGRAM -

OFF-POST AREA SOUTH OF BAAP

REMEDIAL INVESTIGATION
BADGER ARmY AMMUNMON PLANT

I
SITEs NEw WELLS ExasnmG RESIDENTIAL

WELLS WELLS

Off-Post Area South of BAAP PBM-90-01 D None Graf
PBM-90-02D Premo
PBM-90-03D Shaefer
PBN-90-04BD Spear
PBN-91-01C
PBN-91-02B.C
PBN-91-03B,C
SWN-91-O1B,CD
SWN-91-02C,D
SWN-91-03B,C,DE
SWN-91-04C,D
SWN-91-05B.C,D

TOTAL WELLS 24 0 4

Notes:

BC,D,E - Shallowest to deepest: B indicates shallowest; E indicates deepest well in a well nest.

I

I

W0039213T.1IB\S



.4
I

I
liii liii 11111 I 1111111111

III Illilill III llllllllll

I lIHIIllIIIIlHIIllHIIl

i
mmmmmagmmmUmUmummmmummam

I IllIllIlllIIlIlllllHIIl

,mmmmmmUmUUSUUUm,,aUmU,

z msmmmmmmammammmmmmamm�mm

mm.mm.aaamammamma.mmmm,,

m.mmmma�mmmammmmm.maama.

z mmmmmmmsmoammmmmmmmmmmmm

msammmmamm.ammaammmmmmm�

��jI mommaam.mmmammmmmmimmmmm

m mmumsammamummmm�ms 1 memmm

E mmsm.mmm�mmammmmmsjmmmmm

U
0 .8 aam.maamememmmmmmm 1 msmum

Ill I 11111111111111111111

II I I III 11111 II I I I 1.1 I I I I

111111111111111111111111

a
0 uOmUCUm�b00OUOm0Ow0O00O

I IIIIIIFI�I jjjjjj�jjjjjj

S



16

Sam

go mull9

0
mmmci 4

I Il*I

0 a0 l

00

iti

II.i-H i i oxm 4 Iz



TAKE 11-5
FIELD HYDRAuuc CONDUCTIVITY TEST RESULTS -

OFF-POST AREA SOUTH OF BAAP

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

MA UM WATER HYDRAUUC
WELL L__EI.L DEPRESSION CONOUCT1ITYDEIGNATION (FEET) (CM/SEC) GEOILOGICCNITOI

SWN-91-03B 5.8 2.6X10-2 a Coarse sand and gravel
I 1.8X_ _2 a__ (SP-GP)

SWN-91-03C 8.0 1.8x10.2 Medium to coarse sand
(SP)

SWN-91-03D 4.9 1.5x10-2 a Coarse sand (SP)

SWN-91-03E 7.8 1.0x10-3  Sandstone and dolomite
bedrock

Notes:

Field data and calculations are presented in Appendix I. Hydraulic conductvites were calculated using the HVORSLEV
method.

Hydraulic Conductivity Tests were completed during March and November, 1969, and November and December 1991.

Values for hydraulic conductivities represent an averaged value of multiple tests performed on each well.

a YWadW level recovery at Is well was impacted by inertial effects, resulting in water level recovery above static water levels.

Hydraulic conductivity measurements may be greater than the calculated values at this well.

cm/sec = centimeters per second

W0913T.11A80\1
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TABLE 11-9
ESTIMATE OF DISTANCE TRAVELED BY CCL4 IN GROUNDWATER -

to OFF-POST AREA SOUTH OF BAAP

REMEmDAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

Vr = V/I1 +Kd (b/n)] Kd = Ko,*fC,

Assume: Fraction of organic carbon (fo,) = 0.003
Soil density (b) = 2 g/ml
Soil porosity (n) = 0.3

A weighted-average groundwater flow velocity (V) along a flow
line from the Propellant Burning Ground to the Wisconsin River:

V = (0.55)-(330 ft/yr) + (0.45)*(440 ft/yr)
=_ 440 ft/yr

CONTAMINANT PARTmOIIN DISTANCE

VEwCITY COEFFICIENT TRAVELED
VOC Vo, (FT/YR.) Kd, (ml/g) K. YEARS (FT.)

CCL4 137.5 0.33 110 50 6.875

The approximate minimum distance that TRCLE has been transported in groundwater is 13,000 ft., in approximately 26 years.

The velocity of TRCLE (Va) in groundwater is:

Vr = 13,000 ft/26 yrs.
= 500 ft/yr (slightly greater than groundwater flow rate)

k ,ssume CCL4 moves at rate of groundwater flow (440 ft/yr):

Estimated distance CCL4 has traveled = (440 ft/yr)*(50 yrs)
= 22,000 feet

or 4.2 miles

0

(.
W0X)39213T. I 1A80\4
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MAP IMLLVP VWL LO -IL
CODE laRGER CODE NIIImEN CODE NUIER
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WELL NEST
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o LOCATION OF PRODUCTION A.

INTEWPHETIVE EXTENT OF O

NOTL
I.ETETOF VC LUE 6 AIIDN

OF CHOM CLS.04 AND TACLE IN AT LEAST ONE

DESPOSAL AREA VOC PURER.
& MO)NITOAIGWE LL LOCATIONS BASED ON

VIERBICHER SURVEY DATA (APPENDIXF).
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MAP WELL MAP WALL MAP %WLL
CODE MBER CODE MBER cam NUMBER
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SLOCATION OF MONITORING
WELL NEST

+ LOCATION OF SINGLE
MONITORING VWLL

0 LOCATION OF PRODUCTION WELL

°- 7 NWTERPNEMTVE EXTENT OF VOC
PLUME

NOTE:

i. EXTENT OF VOC PLUME IS BASED ON DETECTION
OF CHCL3. CCL4 AND TRCLE IN AT LEAST ONE
ROLM OF SAMPLING.

2I SEE FIGURES 6-33 AND 6-34 FOR INTERPRETNE
PLAN VIEW OF PROPELLANT BURNING GROlUND.
LANDFLL 1. SETTLING PONDS AND SPOILS
DISPOSAL AREA VOC PLUMES.

&. MONITORING VWLL LOCATIONS BASED ON
VIERBICFIER SURVEY DATA (APPENDIX F).

FIGURE 11-9
INTERPRETIVE PLAN VIEW OF VOC PLUME

PROPELLANT BURNING GROUND,
SETTUNG PONDS, SPOILS DISPOSAL AREA

AND OFF-POST AREA SOUTH OF BAAP
REMEDIAL INVESTIGATION

;too BADGER ARMY AMMUNITION PLANT
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TABLE 12-1

SUMMARY OF AREAS FOR wHicH
REMEDIAL ACTIoN OBJECTIVES1 ARE RECOMMENDED

REMEDIAL INVESTIGATION
BADGER ARMY AMMUNITION PLANT

MEDIUM
ARrEA (RECEPTOR) CoPwoUNDs

Propellant Burning Ground Surface Sod PB
(Human)

Surface Soil PB2 , CU2, HG 2 , SE2,
(Ecological) ZN2

Subsurface Soil PB, 24DNT
(Human)

Final Creek Surface Soil PB2 , SN, 24DNT,
(Ecological) S04, DPA

Settling Pond 1 Surface Soil PB2, SN, 24DNT,
(Ecological) S04, DEP

Settling Pond 2 Surface Soil PB2 , SN, DEP
(Ecological)

Settling Pond 3 Surface Soil PB2, SN
(Ecological)

Settling Pond 4 Surface Soil PB2, SN, AL2
(Ecological)

Spoils Disposal Area 1 Surface soil PB 2, DPA, SN, NG,
(Ecological) ZN2

Spoils Disposal Area 2 Surface Soil PB2 , SN, ZN2

(Ecological)

Spoils Disposal Area 3 Surface Soil PB2 , SN, ZN2

(Ecological)

Spoils Disposal Area 4 Surface Soil PB2 , SN2 , ZN2
(Ecological)

Spoils Disposal Area 5 Surface Soil PB2 , SN2 , ZN'
(Ecological)

Propellant Burning Ground/Settling Groundwater 26DNT, CHCL3, BE,
Ponds (Humarn) CCL4. TRCLE,

NNDPA

Deterrent Burning Ground Subsurface Soil 24DNT
(Human)

Deterrent Burning Ground/Existing Groundwater 26DNT, BE, 112TCE
Landfill (Human)

'AVOO392'3T. :2•)\ I



continued

TABLE 12-1

SUMMARY OF AREAS FOR WHICH
REMEDIAL AcTioN OBJECTIVES' ARE RECOMMENDED

REMEDIAL !NVESTIGATION
BADGER ARMY AMMUNITION PLANT

MEDIUM
AREA (RECEPTOR) COMPOUNDS

Nitroglycerine Pond Surface Soil PB
(Human)

Surface Soil PB2 , HG2, NG
(Ecological)

Sediment PB, HG
(Ecological)

Surface Water AL, FE, HG, MN, PB
(Ecological)

Rocket Paste Area Surface Soil PB,NG
(Human)

Surface Soil 24DNT, 26DNT.
(Ecological) NNDPA, PB2, CR2.

HG2, NG

Sediment PB
(Ecological)

Surface Water AL, CR, CU, FE,
(Ecological) MN. PB, ZN

Off-Post Wells South of BAAP Groundwater CCL4
(Human)

Notes:

The aim of the Remedial Action Objective should be to reduce contact with or concentrations of the compounds listed 'or
a specific media at a site.

2 Compounds whose risk-based PRGs are within naturally-occurring mean surface soil background concentrations.

.'003')213T. s:80)'\2


